IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: David A. Waldman, et al. 



Attorney Docket No.: VISGPOOl 



Application No.: 10/561,646 



Examiner: Unknown 



Filed: December 20, 2005 



Group: Unknown 



Title: ACQUISITION OF HIGH RESOLUTION 
BIOMETRIC IMAGES 



CERTIFICATE OF MAILING 



I hereby certify that this correspondence is being deposited with the U.S. 
Postal Service with sufficient postage as first-<;lass mail on October 12, 2006 
in an envelope addressed to the Commissioner for Patents, P.O. Box 1450 
Alexandria, V;Afi23rBjl450c f>/l/7 




PETITION FOR APPLICATION BY OTHER THAN ALL THE INVENTORS 

Pursuant to 37 C.F.R, §1.47 (a) 



Commissioner of Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 



Applicants David A, Waldman, Richard T, Ingwall, Daniel H. Raguin, John S. Berg, 
Joby Joseph, and David L. Kent (the "remaining joint inventors") hereby petition the 
Commissioner to accept for application the above-identified U.S. Patent Application by other 
than all of the inventors. 

The Declaration For Patent Application is attached in which the remaining joint inventors 
have signed on behalf of the omitted inventors as required by 37 C.F.R. §1.64 and M.P.E.P. 
§409.03(a), and it includes the last known address of the omitted inventor. 

A Declaration of Facts in Support of Applying on Behalf of the Omitted Inventor is also 
attached and provides proof of the pertinent facts regarding the omitted inventor who refuses to 
sign as required by 37 C.F.R. § 1.47(a) and M.P.E.P. §409.03(d). 

In view of the refusal of the omitted inventor to sign the papers required for the above- 
identified application, the remaining joint inventors are believed to be entitled to make such an 
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application on behalf of and as agents for the omitted inventor. The required fee pursuant to 37 
C.F.R. §1.17(g) is enclosed. 



Dated: |0 | | (g? Respectfully/submitted, 

BEYER Vf E/4^m. & THOMAS, LLP 




William J. Egan, IH 
Registration No. 28,411 



P.O. Box 70250 
Oakland, CA 94612-0250 
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IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 



In re application of: David A. Waldman, et al. 



Attorney Docket No.: VISGPOOl 



Application No.: 10/561,646 



Examiner: Unknown 



Filed: December 20, 2005 



Group: Unknown 



Title: ACQUISITION OF HIGH RESOLUTION 
BIOMETRIC IMAGES 



DECLARATION OF FACTS IN SUPPORT OF APPLYING ON BEHALF OF OMITTED 

INVENTOR 
Pursuant to 37 C.F.R. §1.47 (a) 



Commissioner of Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



This declaration is made as to the facts that are relied upon to establish the diligent effort 
made to secure the execution of the Declaration for the subject U.S. application by the omitted 
inventor, Vincent Fedele. This declaration is being made by the available person having first- 
hand knowledge of the facts recited therein. 

I, William J. Egan, III, do hereby declare: 

1. The subject U.S. application is based on a Patent Cooperation Treaty (PCT) application 
flied on June 21, 2004 and having International Apphcation No. PCT/US2004/019917. 

2. All rights in and throughout the United States of America, its territories, and all foreign 
countries, in and to the invention described in the subject PCT application were assigned to 
Aprilis, Inc. ("Aprilis"). An Assignment was executed by all the inventors, including Vincent 
Fedele, and is was recorded in the U.S. Patent and Trademark Office (PTO). See attached 



3. After receiving a ^^Notification Of Missing Requirements Under 35 U.S.C. 371 In The 
United States Designated/Elected Office (DO/EO/US)", the prior law firm representing Aprilis, 
Hamilton, Brook, Smith & Reynolds, P.C., forwarded, on March 6, 2006, a Declaration For 
Patent Application ("Declaration") to Mr. David A. Waldman at Aprilis for execution by all the 
inventors. See attached Exhibit B. 



Dear Sir: 



Exhibit A. 



4. This Declaration was executed by all the inventors, except for Vincent Fedele. 
Apparently, prior to the time the Declaration was sent to Aprilis, Vincent Fedele had left Aprilis. 



5. Some time in July 2006, responsibility for the subject U.S. application was transferred 
from Hamilton, Brook, Smith & Reynolds, P.C. to Beyer, Weaver & Thomas LLP. 

6. On July 20, 2006, 1 sent a copy of the PCT application along with a Declaration and 
Assignment to Vincent Fedele at his last known address. These documents were sent via 
Certified Mail, Return Receipt Requested. I asked that Mr. Fedele retum the executed 
Declaration and Assignment by August 18, 2006. See attached Exhibit C. 

7. Subsequently, some time around August 3, 2006, 1 received a letter from Vincent Fedele 
dated July 27, 2006. By this letter, Vincent Fedele indicated that he would not sign the 
Declaration and Assignment nor review the application sent to him by my letter of July 20, 2006, 
unless he received compensation from Aprilis. See attached Exhibit D. 

8. On August 24, 2006, 1 received from Vincent Fedele, the entire package that I had 
forwarded to him by my letter of July 20, 2006. This package was sent back to me with the 
letter from Vincent Fedele dated July 27, 2006. See attached Exhibit E. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, imder Section 1001 o| Title 18 of the United States 
Code, and that such willfiil false statements may jeopardize the vapdity of the application or any 
patent issued thereon. // / 



William J, Egan, III 
Date 
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Internal Address: 



Street Address: 5 CLOCK TOWER PLACE; SUITE 200 



City: MAYNARD 



State: MA 



Country: USA 



Zip: 01754 



Additional namc(s) &address(es) attached? [ ] Yes : [ X ] No 



4. Application number(s) or patent number(s): 
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Joint 

ASSIGNMENT 

WHEREAS, we, David A. Waldman, Vincent Fedele, Richard T. Ingwall, Daniel H. 
Raguin, John S. Berg, Joby Joseph and David L. Kent, have invented a certain improvement 
in ACQUISITION OF fflGH RESOLUTION BIOMETRIC IMAGES described in an 
application for Patent, 

[ ] the specification of which is about to be filed in the United States Patent Office 
(usefor utility (37 CFR§ 1.53(b)) and design filings only); 

[ ] is about to be filed in the United States Patent Office as a Provisional Application; 

[] the specification ofwhich is United States Application No. [ ], filed [ ]; 

[ X ] the specification of which is a Patent Cooperation Treaty Application, 

bitemational Application No. PCT/US2004/019917, filed June 21, 2004; 
■. . - • . . ■ • • , 

[ ] which was patented under United States Patent No. I ]. 

WHEREAS, Aprilis, Inc. (hereinafter "ASSIGNEE"), a corporation organized and 
existing under the laws of the State of Delaware, and having a usual place of business at 5 
Clock Tower Place, Suite 200, Maynard, MA 01754 desires to acquire an interest therein in 
accordance with agreements duly entered into with us; 

NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, we have sold, assigned and transferred and by these presents do 
hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and legal 
representatives, the entire right, title and interest in and throughout the United States of America, 
its territories and all foreign countries, in and to said invention as described in said application, 
together with the entire right, title and interest in and to said application and such Letters Patent 
as may issue on said invention; said invention, application and Letters Patent to be held and 
enjoyed by said ASSIGNEE for its own use and behalf and for its successors, assigns and legal 
representatives, to the full end of the term for which said Letters Patent may be granted as fully 
and entirely as the same would have been held by us had this assignment and sale not been made; 
we hereby convey all rights arising under or pursuant to any and all international agreements, 
treaties or laws relating to the protection of industrial property by filing any such applications for 
Letters Patent. We hereby acknowledge that this assignment, being of the entire right, title and 
interest in and to said invention, carries with it the right in ASSIGNEE, to apply for and obtain 
from competent authorities in all countries of the world any and all Letters Patent by attorneys 
and agents of ASSIGNEE'S selection and the right to procure the grant of all such Letters Patent 
to ASSIGNEE for its own name as assignee of the entire right, title and interest therein; 

AND, we hereby further agree for ourselves and our executors and administrators to 
execute upon request any other lawful documents and likewise to perform any other lawful acts 
which may be deemed necessary to secure fiilly the aforesaid invention to said ASSIGNEE, its 
successors, assigns and legal representatives, but at its or theu- expense and charges, including the 
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execution of applications for patents in foreign countries, and the execution of any future 
applications including substitution, reissue, divisional or continuation applications, and 
preliminary or other statements and the giving of testimony in any interference or other 
proceeding in which said invention or any application or patent directed thereto may be involved; 

AND, we do hereby authorize and request each Patent Office and the Commissioner of 
Patents of the United States to issue such Letters Patent as shall be granted upon said invention to 
said ASSIGNEE, its successors, assigns, and legal representatives. 

IN TESTIMONY WHEREOF, we have hereunto set our hands and affixed our seals the 
date set forth below. ^ — . 




Inventor's Signature 



State/Commonwealth 

of >rvft^ss^<- cAvo s 



A. Waldman 



County of --crv a. 



On this 2^ 



day of '0^c-«.Yvtv^\uA, 1^ , before me, the undersigned 



notary public, personally appeared David A. Waldman, 
I I personally known to me, or 

H proved tome through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she si^gned tJieOTegoing instodJnent as his/her free act and deed. 



(SEAL) 





Notary Public 



^^Kr^^c^S^ j^y^^■ci^ (print name) 
My Commission expires / / 



Frances French 
NOTARY PU3LIC 
My commission exptes D9C. 4 2009 



f 
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Inventor's Signature: 



^ /■/\ / 



Vincent Fedele 



State/Commonwealth 



County 



On this o)Q day of 



j> 2 0 . before me, the xmdersigned 



notary public, personally appeared Vincent Fedele, 
[ ^ personally known to me, or 

\~/>(^ proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 



(SEAL) 



Notary Public 



CoW 



My Commission expires 



/ 



(pnnt name)^Q„QQp BellveOU 

NOTARY PUBUC 

-MvcorwT^ission expires Sepf.25.2DW 



/ 



Inventor's Signature: 

State/Commonwealth 
of " 



Richard T. Ingwall 



County of 



On this 



day of _ 



, 20 , before me, the undersized 



notary public, personally appeared Richard T. Ingwall, 
j~j personally known to me, or 

I — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 



(SEAL) 



Notary Public 
(print name) 



My Commission expires / / 
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Inventor's Signature: 



State/Commonwealth 

of P^Ci^SdciusfeUs^ 




Daniel H, 



County of 

On this 11^ day of T)e<L^Mi?r 2 0Q4 , before me, the undersigned 

notary public, personally appeared Daniel H. Raguin, 

[ [ personally known to me, or 

r-/] proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Gf^rntj.. Notary Public 

l3rda L,' (2e"(ralg (print name) uNOA L cetrone 

*^ ~ 'f 'oJary Public 

My Commission expires 03 / / <^C^ • My.con>.niissionE".pires 



Inventor's Signature: 



y John 



State/Conmionwealth 

of . ei 




Coimty of ex' 

On this / day of T:)eci^A>^- 20 D4 , before me, the undersigned 

notary public, personally appeared John S. Berg, 

j j personally known to me, or 

("7^ proved to me throi^h satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

<SEAL) '-k i i(k ' ^,(^i'ka.^ P"^"^ 

iLlVv^Q L. GeVcyg, (print name) i!> -:a i^a^j^oNE 
My Commission expires 



y 



c 
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Inventors Signature: 

State/Commonwealth 
of 




County of 



On this 4- day of Ai Ipev 

notary public, personally appeared Joby Joseph, 

personally knovrTi to me, or 



ioSyJoseph 

hfsuj htkt liooa 

« 20 0^ > before me, the undersigned 



4 NOV 2004 



I — v^roved to me through satisfactory evidence or laentmcauon, winuu w<« 

to be the person whose name was signed on tEe foregoing instrument in my presence, 
acknowledged that he/she signed the fore^teg insijumeht as his/her free act and dee 

/ccAr\ TOf^ ^'^r 'W!^fi - Notary Public 



9^. p "^Xt^C^h'^ (print name) 
NOTA*¥-^*t?BOv& My Commission expires / ^ — I.^L^ 




Inventor's Signal 



David L. Kent 



State/Commonwealth 

of I rfXAfeS 'VC ^- 



County of «-<kA> ^ ■» r^n-'-^i 



On this 



day of T>.^r^.Y>^i;^ 20.^. before me, the undersigned 



notary public, personally appeared David L. Kent, 

I" I personally known to me, or 

r-y proved to me tlirough satisfactory evidence of identification, which was 

10 be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instnjmEtat as his/her free act and deed. 

(SEAL) S^^S kj^JtP^-^ P"*'"^ 



^OA-ft'/'^c, '^>(i^'.<L\\ (print name) Frances French 

i-l^A-i\>C^ S — lil^ L_ ^ NOTARY P^dUC 

My Commission expires _ Mtfcornrnis*we5(f»resOec.4.2aN 



DocketNo. 3174.1012-004 PCT 

Joint 

ASSIGNMENT 

WHEREAS, we, David A. Waldman, Vincent Fedele, Richard T. Ingwall, Daniel H. 
Raguin, John S. Berg, Joby Joseph and David L. Kent, have invented a certain improvement 
in ACQUISITION OF HIGH RESOLUTION BIOMETRIC IMAGES described in an 
application for Patent, 

[ ] the specification of which is about to be filed in the United States Patent Office 
(use for utility (37 CFR § L53(b)) and design filings only); 

[ ] is about to be filed in the United States Patent Office as a Provisional Application; 

[ ] the specification of which is United States Application No. [ J, filed [ ]; 

[ X ] the specification of which is a Patent Cooperation Treaty Application, 

International Application No. PCT/US2004/019917, filed June 21, 2004; 



[ ] which was patented under United States Patent No. [ ]. 

WHEREAS, AprUis, Inc. (heremafter "ASSIGNEE"), a corporation organized and 
existing under the laws of the State of Delaware, and having a usual place of business at 5 
Clock Tower Place, Suite 200, Maynard, MA 01754 desires to acquire an interest therein in 
accordance with agreements duly entered into with us; 

NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, we have sold, assigned and transferred and by these presents do 
hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and legal 
representatives, the entire right, title and interest in and throughout the United States of America, 
its territories and all foreign countries, in and to said invention as described in said application, 
together with the entire right, title and interest in and to said application and such Letters Patent 
as may issue on said invention; said invention, application and Letters Patent to be held and 
enjoyed by said ASSIGNEE for its own use and behalf and for its successors, assigns and legal 
representatives, to the full end of the term for which said Letters Patent may be granted as fully 
and entirely as the same would have been held by us had this assignment and sale not been made; 
we hereby convey all rights arising under or pursuant to any and all international agreements, 
treaties or laws relating to the protection of industrial property by filing any such applications for 
Letters Patent. We hereby acknowledge that this assignment, being of the entire right, title and 
interest in and to said invention, carries with it the right in ASSIGNEE to apply for and obtain 
from competent authorities in all countries of the world any and all Letters Patent by attorneys 
and agents of ASSIGNEE'S selection and the right to procure the grant of all such Letters Patent 
to ASSIGNEE for its own name as assignee of the entire right, title and interest therein; 

AND, we hereby further agree for ourselves and our executors and administrators to 
execute upon request any other lawful documents and likewise to perform any other lawful acts 
which may be deemed necessary to secure fully the aforesaid invention to said ASSIGNEE, its 
successors, assigns and legal representatives, but at its or their expense and charges, including the 



f f 
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execution of applications for patents in foreign countries, and the execution of any future 
applications including substitution, reissue, divisional or continuation applications, and 
preliminary or other statements and the giving of testimony in any interference or other 
proceeding in which said invention or any application or patent directed thereto may be involved; 

AND, we do hereby authorize and request each Patent Office and the Commissioner of 
Patents of the United States to issue such Letters Patent as shall be granted upon said invention to 
said ASSIGNEE, its successors, assigns, and legal representatives. 

IN TESTIMONY WHEREOF, we have hereunto set our hands and affixed our seals the 
date set forth below. 



Inventor's Signature: 

David A. Waldman 

State/Commonwealth 



of 



County of 



On this day of , 20 , before me, the undersigned 

notary public, personally appeared David A. Waldman, 

I [ personally known to me, or 

I — "j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 



My Commission expires / / 



-3r 
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Inventor's Signature: ^ \X >^^ ^ 



Vincent Fedele: , i- v 

State/Commonwealth 

County of W^^wi^ \ <AciU^ 

On this (^O day of 3^^£±£!lht;r > 2 0 , before me, the undersigned , 

notary public, personally appeared Vincent Fedele, 

[ I personally known to me, or 

r-V' proved to me through satisfactory evidence of identificatioii, which was 



^v-'^j^^^pgrson v^ose_name was signei^^ foregoing instrument in myjeresence, and^ . 
, akroj^gSa that hi/slie^signed the foregoing instrument zs his/her free act and^deed. ^ 

/^/-(SEAtr"- ^ (2:>ULn n > > I2uJlL.--o-^ Notaiy Public 



My Commission expures I 1 Mvcorffn©one«»BsSepr^.2IW 



Signature: QxjApJ^ ^ J<)rt^ 




Inventor's _ ^ 

\dT.IngwaIl 

State/Commonwedtii V - ^ . - ^ 



of OflU F-g/evi^(/»' 



County of S1^/0 DKT^^ 

On this ^ t U day of ftlfLCH , 2 0 0 , before me, the undersigned 
notary public, personally appeared Richard T. Ingwall, 

j~j personally known to me, or . 

rr;>^ proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
^ ^ ^lg303ylQdR£d Ibaihg/shg ^ gned tije^regoing instrumerjJ^«STus/her free act and deed. 
SILVIA bTvASQUEZ V lO yi/C y . ^ . 

^(SfcMtt)nbslon# 1386775 X :-;^aJ-^^ 

NokwyPubfic-CoWw^^ . \ 

gVA:>0LO^n^ (pnntname) 

m w\ My Commission expires 1 1^ / )^ / ^-^ ^ ^ 




Mi^Cofimn. ExplfBS Dsc 
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Inventor's Signature: 

State/Commonwealth 
of • 



Daniel H. Raguin 



Coxinty of 



On this day of , 2 0 before me, the undersigned 

notaiy public, personally appeared Daniel H. Raguin, 

I [ personally known to me, or 

I — j proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 



Inventor's Signature: ^ 

John S. Berg 

Siate/Commonwealth 
of 



County of 



On this day of , 20 , before me, the undersigned 

notary public, personally appeared John S. Berg, 

[ I personally known to me, or 

j — I proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 



.5. 
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Inventor's Signature: 

State/Commonwealth 
of 



Joby Joseph 



County of 



On this day of , 20 , before me, the undersigned 

notary public, personally appeared Joby Joseph, 

j~j personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed, 

(SEAL) Notary Public 

(print name) 

My Commission expires . / / 



Inventor's Signature: 

David L. Kent 

State/Commonwealth 

of 



Coimty of 



On this day of , 20 , before me, the undersigned 

notary public, personally appeared David L. Kent, 

I I personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 



An'lC£ A.I 



Hamilton 

BROOK 

Smith & 
Reynolds, PC. 



PATENTS, TRADEMARKS 
COPYRIGHTS a UTIGATION 

530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD. MA 01742-9133 

TEL (978) 341-0036 
FAX (978) 341-0136 . 

www.hbsr.com 



March 6, 2006 



MuNROB R Hamilton 

(100&t084} 

David E. Brook 
Jambs M. Smith 

Leo R. REyNOLDS 

John U DuPr£ 
DavidJ.Brody 
Mary Lou Wakimura 
AucE O. Carroll 
N. Scott Pierce 
Susan G. L. Glovsky 

DOREEN M. HOGLE 

Robert T. Conway 
rodney d. johnson 
David J. Thibodbau. Jr 

ANNE J. COLLINS 

TIMOTHY J . Meagher 
STEVEN G. Davis 
DBiRDRE E. Sanders 

BRIAN T. MORIARTY 



David A. Waldman, Ph.D. 

Vice President, Research and Development 

Aprilis, Inc. 

5 Clock Tower Place 

Suite 200 

Maynard, Massachusetts 01754 

Re: U.S. National Stage Application No.: 10/561,646 

Title: "Acquisition of High Resolution Biometric Images" 
HBSR Docket No.: 3174.1012-013 



PaulG-Allowtay 
Thomas J. arria 
Michael J. Badzinski 

SUMBDHA A. BAHRI 

SETH M. Cannon 
Maria Cbdroni 
H. JooN Chung 
F. James Coe 
kristin a connarn 
Christine M. Doe 

COUNC, DURHAM 

Carol A Eoner 

GlOVANNA FESSENDEN 
JOSEPH M. MARAIA 

Mary K. Murray 

KEVIN T. SHAUGHNESSY 

Mark B.SOLOMON 
Ralph TRementozzi 
ROBERT R Underwood 
KbithJ.Wood 
Michael M. Yamauchi 



Op Counsel 
Elizabeth W. Mata 
DarrbllL. Wong 

patent agents 
Susan M. Abblleira 

ALEXANDER AKHIEZER 

Kamejsh Alexander 
Eric M. Baucky 
Michael Gottseug 
Susan C.KELLY 

VIVIEN J. TANNOCH-MAOIN 

Pamela A TOrpey 



TfeCHNOLOGY SPBCIAUSTS 
JOHN T HURLEY 

SARAH J. Rodriguez 
Boovong Shim um 
Benjamin J. Sparrow 



Dear David: 

Enclosed is a Declaration for Patent Application for the referenced 
case and an Assignment form in which each inventor assigns rights to the 
invention to Aprilis, Inc. 

It is appropriate at this time to confirm that we have designated the 
correct inventor(s) in the attached Declaration and that the specification and 
claims meet the enablement and best mode requirements under U.S. patent 
law. 

To assist you in this determination, each inventor should note the 
following: 

1. Inventorship : Only persons who have 
made an inventive contribution to the 
conception of at least one of the claims in the 
patent application should be listed as an 
inventor. Any doubts on this matter should be 
resolved with me before proceeding further. 



Michael Kbweshan 
Administrative C^RECTOR 



Barbara J. RNiGUE 

ADMINISTRATOR OF 

Patdttand 
trademark PRACnCB 



2. Enablement : This requirement imposes 
an obligation on the inventor to describe the 
invention in sufficient detail to enable a person 
skilled in the art to make and use the invention 
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which is the subject of the patent application without undue 
experimentation. 

3. Best Mode : The "best mode" requirement goes further than 
the "enablement" requirement by obligating the inventor to include 
in the patent application a description of the best mode 
contemplated by the inventor of practicing the invention. 

An inventor's failure to comply with the "best mode" or "enablement" requirements may 
invalidate a patent. In addition, intentional failure to correctly name inventors could result in an 
invalid or unenforceable patent. If you have any questions or concerns, please call me. 

Please note that the Declaration requires that each inventor carefully read the patent 
application in its entirety before signing it. If the application is acceptable, please have each 
inventor sign the Declaration in BLUE ink. Each inventor should also check to be sure that the 
typed name, address and citizenship on the Declaration are correct. If they are not, the inventor 
should indicate the correct information in BLUE ink, and initial and date each correction in the 
margin. 

If you have any questions or concems, or feel any changes need to be made in the 
Declaration, please call me. 

The Assignment should be signed in BLUE ink by each inventor in the presence of a 
Notary PubUc. 

Please return all pages of these documents as soon as possible for filing in the U.S. Patent 
and Trademark Office. 

Very truly yours, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 




AA/saj 
Enclosures 

cc: Timothy J. Meagher, Esq. 

@PFDcsklop\::ODMA/MHODN4A/HBSR05;iManagc;606699;l 



Beyer WEAVER& Thomas, hp 



INTELLECTUAL PROPERTY LAW 

500 12^ Street, Suite 200, Oakland, CA 94607 
Telephone: (510) 663-1 100 Facsimile: (510) 663-0920 
www.beyerlawxom 



July 20, 2006 



VIA CERTIFIED MAIL. RETURN RECEIPT REQUESTED 



Mr. Vincent Fedele 
P.O. Box 061 
Harvard, MA 01451 

Re: U.S. Patent Application Entitled: ^'Acquisition Of High Resolution Biometric Images'' 
Inventors: David A. Waldnaan, et al. 
Filing Date: December 20, 2005 
Our File: VISGPOOl 

Dear Mr. Fedele: 

We represent Aprilis, Inc. 

Enclosed is a copy of the above-identified patent application as filed with the U.S. Patent 
and Trademark Office. You may recall that the application was filed without having you sign 
the necessary documents (declaration and assignment forms) which should to be filed with the 
U.S. Patent and Trademark Office by August 22, 2006 in order to avoid abandonment of the 
application. 

Accordingly, we are enclosing two docimients (i) a Declaratioii (ii) an Assignment of 
rights to Aprilis, Inc. Before executing these documents, please ensure that you have reviewed 
and understand the contents of the patent application. Then, read, sign and date each of the 
enclosed documents adjacent to where your name appears, and return them to our office, in the 
enclosed, self-addressed stamped envelope, by August 18, 2006, so that we may file them with 
the U.S. Patent and Trademark Office. Also, please note that your signature on the Assigmnent 
should be notarized. 

Finally, we would again like to remind you of our duty to disclose the most pertinent 
prior art of which you are aware to the Patent and Trademark Office. If you can think of any 
pertinent references or patents, or any similar existing technology, please let us know. The duty 
to disclose prior art continues until the patent actually issues. As such, if you become aware of 
other prior art in the future, please let us know. 

If you have any questions, please call. 




;ird;, , 

AT IN /ER & THOMAS, LLP 



Enclosures 



SILICON VALLEY OFFICE • 590 W. EI Camino Real • Mountain View • CA • 94040 • Telephone: (650) 961-8300 • Facsimile: (650) 961-8301 



U.S. Postal ServiceTM 
CERTIFIED MAILtm RECEIPT 

(Domestic Mail Only; No Insurance Coverage Provided) 
For delivery information visit our website at www.usps.coma 



ru 




Sent To 



PS Form 3800, June 2002 See Reverse for Instruction; 



SENDEfl: COMPLETE THIS SECTION 



m Complete items 1 . 2. and 3. AteocOTplete 
Item 4 if Restricted Delivery Is <1^^V_- 

■ Print your name and address on the reverse 
so that we can return the <f;^toyou. 

■ Attach this card to the back of the maiipiece. 
nr on the front If space penwls. ; 



0A 

m 



1. ArtldeAikkessedtb: 

Mr. Vincent Fedele 
P.O. Box 061 
Harvard, MA 01451 



COMPLETE THIS SECTION ON DELIVERY 




D. te divery address differert from \ 
tf YES, enter delivery address beJovr. 



□ No 



3. Service Type 
\jCertified Mail 
/□Registered 
□ Insured Mall 



□ Express MaB 

□ Return Receipt for Merchand 

□ c.o.a , 



4. Restricted Delivery? (B(&aP^ 



□ Y98 



2. Article Number 
(Ttansfer from se/ytee 



WW w 



PS Form 3811, Februaiy 2004 



Domestic 



Return ftepj^ 



^ c c 

nnrifFTNO . 3174.1012-013 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Declaration for Patent Application 
[ ] Supplemental (37 G.F.R. §1.67) 

As a named inventor, I hereby declare Ihat: 

My residence, mailing address and citizenship are as stated next to my name; 

I believe I am the original, fnst and sole inventor (if only one name is listed) or an original, first and joint 
inventor (if plural names are listed in the signatory page(s) commencing at page 2 hereof) of the subject matter which 
is claimed and for which a patent is sought on Uie invention entitled 

ACOUTSmON OF Hin w WPSOLimON RTOMETRIC IMAGES . 

the specification of which (check one) 
[] is attached hereto. 

[] was filed on [ ] as United States Application Number [ ]. 

[XI was filed on June 21. 2004 as PCT International Application No. PCT/US2004/019917 and assigned United 
States Application No. 10/561,646. 

[ ]: and vras amended on t ] (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as Jefin^i in37 C.F.R. 
SI 56 includinB for rontinuation-in-part applications, material infonnation which becMie ava lable between the 
filtal'dTte of SI fSo?^^^^ end theSStional or PCT international filing date of the contmuation-m-part 
application. 

I hereby expressly authorize the filing of an International Patent Application under the Patent Cooperation 
Treaty which corresponds to and claims the priority of the above-identified apphcation. 

I hereby claim foreign priority benefits under 35 U.S.C. 1 19 or 365 of any foreign application(s) for patrat 
or invento?s certifiS. S Sy PCT international application which designated at least one country other Aan fte 
UnSS^^s ofSSU Usted below and have also identified below, by checking ^^^f^^i^^f^f^f'''' 
for patent or inventor's certificate, or of any PCT international application havmg a filing date before that of the 
iqjplication on wWch priority is claimed: 

Prior Foreign Anplicationfs') Priority Certified 

'■ Not Copy Filed? 

Claimed YES NO 

[1 [ ] [ ] 



(Number) 


(Country) 


(Day/MonthAfear filed) 


(Number) 


(Country) 


(Day/MonthA^ear filed) 


(Number) 


(Country) 


(Day/MonthA'ear filed) 



[ 1 [ ] [ ] 
[ ] [ ] 11 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with Ac knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of sole 
or first inventor 


David A. Waldman 










Inventor's Signature 
Residence: City 












State 


Coimtry 




Citizenship 




1 Concord 


1 MA 


USA 


1 


USA 


1 


Mailing Address (Business or Residential) 
QtTPftt nr P O Rmc 3 1 Mitchell Road 


City 


State 


ZIP 




Covmtiy 




1 Concord 


1 . MA 


01742 


1 


USA 


1 




Full name of second 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Vincent Fedele 




















State 


Country 




Citizenship 




1 Harvard 


1 MA 


1 USA 


1 


USA 


1 


Mailing Address (Business or Residential) 


City 


State 


ZIP 




Country 




Harvard 


1 MA 


1 01451 




USA 


1 




Full name of third 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Richard T. Ingwall 




















State 


Coimtry 




Citizenship 




Newton 


1 MA 


USA 




USA 




Mailing Address (Business or Residential) 
ctrA»tnrPn Rnv 115 Dartmouth StTCCt 


City 


State 


ZIP 




Country 




1 Newton 


1 MA 


1 02465 


1 


USA 


1 




Full name of fourth 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Daniel H. Rae^in 




















State 


Country 




Citizenship 




1 Acton 


1 MA 


USA 


1 


USA 


1 


Mailing Address (Business or Residential) 
Strftftt nr P.O. Box 234 Ncwtown Road 


City 


State 


ZIP 




Country 




1 Acton 


1 MA 


01720 




USA 





Full name of fifth 

joint inventor, if any John S. Berg 



Inventor's Sienature 

Residence: City State 


Country 


Citizenship 


1 FranWlin 1 MA 


USA 


USA 1 


Mailing Address (Business or Residential) 
Street nrPO. Box 58 Jefferson Road 


City State 


ZIP 


Country 


1 Franklin 1 MA 1 


02038-3360 


1 USA 1 




Full name of sixth 

joint inventor, if any Joby Joseph ^ ; 




Residence: City State 


Country 


Citizenship 


1 Nftw Delhi 1 1 


India 


1 India i 


Mailing Address (Business or Residential) 

Street nr P.O. Box 34 Vaishali Apt, l.I.T. Delhi 


City State 


ZIP 


Country 


1 Mpw Delhi 1 1 


110016 


India 1 




Full name of seventh 

joint inventor, if any David Kent , , 




Residence: City State " 


Country 


Citizenship 


1 Framinpham 1 MA I 


USA 


USA 


Mailing Address (Business or Residential) 

Ctreftt nr P O Box 1 0 FrOSt StTCCt ' ^ 


City State 


ZIP 


Country 


1 Framineham | MA |_ 


01701 


1 USA 



@PFDcsIclopV:ODMA/MHODMA/HBSR05;iManagc;606701;l 
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Joint 
ASSIGNMENT 

WHEREAS, we, David A. Waldman, Vincent Fedele, Richard T. Ingwall, Daniel H. 
Raguin, John S. Berg, Joby Joseph and David L. Kent, have invented a certain improvement 
in ACQUISITION OF fflGH RESOLUTION BIOMETRIC IMAGES described in an 
application for Patent, 

the specification of which is about to be filed in the United States Patent OflBce 
(me for utility (37 CFR§ L53(b))arul design filings on^^ 

is about to be filed in the United States Patent Office as a Provisional Application; 

the specification of which is United States Application No. [ 1, filed [ J; 

the specification of which is a Patent Cooperation Treaty Application, 
International Application No. PCTAJS2004/019917, filed June 21, 2004, which 
designates the United States of America and assigned United States Application 
No. 10/561,646; 

which was patented xmder United States Patent No. [J. 

WHEREAS, Aprilis, Inc. (hereinafter "ASSIGNEE"), a corporation organized and 
existing under the laws of the State of Delaware, and having a usual place of business at 
5 Clock Tower Place, Suite 200, Maynard, Massachusetts 01754 desires to acquire an interest 
therein in accordance with agreements duly entered into with us; 

NO W, THEREFORE, to all whom it may concem be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, we have sold, assigned and transferred and by these presents do 
hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and legal 
representatives, the entire right, title and interest in and throughout the United States of America, 
its territories and all foreign countries, in and to said invention as described in said application, 
together with the entire right, title and interest in and to said application and such Letters Patent 
as may issue on said invention; said invention, application and Letters Patent to be held and 
enjoyed by said ASSIGNEE for its own use and behalf and for its successors, assigns and legal 
representatives, to the fiiU end of the term for which said Letters Patent may be granted as fiilly 
and entirely as the same would have been held by us had this assignment and sale not been made; 
we hereby convey all rights arising under or pursuant to any and all international agreements, 
treaties or laws relating to the protection of industrial property by filing any such applications for 
Letters Patent. We hereby acknowledge that this assignment, being of the entire right, title and 
interest in and to said invention, carries with it the right in ASSIGNEE to apply for and obtain 
fi-om competent authorities in all countries of the world any and all Letters Patent by attorneys 
and agents of ASSIGNEE'S selection and the right to procure the grant of all such Letters Patent 
to ASSIGNEE for its own name as assignee of the entire right, title and interest therein; I hereby 
expressly authorize the filing of an International Patent Application under the Patent Cooperation 
Treaty which corresponds to and claims the priority of the above-identified application; 




[] 

[] 
[] 

[X] 

[] 
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AND, we hereby fiuther agree for ourselves and our executors and administrators to 
execute upon request any other lawful documents and likewise to perform any other lawful acts 
which may be deemed necessary to secure folly the aforesaid invention to said ASSIGNEE, its 
successors, assigns and legal representatives, but at its or their expense and charges, including the 
execution of applications for patents in foreign countries, and the execution of any foture 
applications including substitution, reissue, divisional or continuation applications, and 
preliminary or other statements and the giving of testimony in any interference or other 
proceeding in which said invention or any application or patent cUrected thereto may be involved; 

Al^, we do hereby authorize and request each Patent Office and the Commissioner of 
Patents of the United States to issue such Letters Patent as shall be granted upon said invention to 
said ASSIGNEE, its successors, assigns, and legal representatives. 

IN TESTIMONY WHEREOF, we have hereunto set our hands and affixed our seals the 
date set forth below. 



Inventor's Signature: . . ' ' 

David A. Waldman 

State/Commonwealth 

of , , 

County of 

On this day of , 2 0 before me, the undersigned 

notary public, person^ly appeared David A. Waldman, 

I j personally known to me, or 

I — I proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed, 

(SEAL) Notary Public 

(print name) 



My Commission expires / / 



c: 



c 
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Inventor's Signature: 

Vincent Fedele 

State/Commonwealth 



of 



County of 



On this ^ day of • 2 0 before me, the undersigned 

notary public, personally appeared Vincent Fedele, . 

[ [ personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires I I 

Inventor's Signature: . 

Richard T. Ingwall 

State/Commonwealth 



of 



County of 



On this day of , 20 , before me, the imdersigned 

notary public, personally appeared Richard T. Ingwall, 

[ j personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her fi*ee act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 
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Inventor's Signature: 

Daniel H. Raguin 

State/Commonwealth 



of 



County of 



On this ' day of , 2 0 > before me, the undersigned 

notary public, personally appeared Daniel H. Raguin, 



personally known to 
me, or 

proved to me through satisfactory evidence of identification, which was 



□ me, or 



□ , 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Conmiission expires / / 
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Inventor's Signature: John S. Berg 

State/Conmionwealth 

of , 



County of 



On this day of , 2 0 before me, the undersigned 

notary public, personally appeared John S. Berg, 

j ^ personally known to me, or 

I — I proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her firee act and deed. 

(SEAL) Notary Public 

(print name) 
My Commission expires / / 
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Inventor's Signature: " 

Joby Joseph 

State/Commonwealth 



of 



County of 



On fliis day of _, 2 0 \ before me, the undersigned 

notary public, personally appeared Joby Joseph, 

[ I personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her firee act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 



c 
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Inventor's Signature: 



David L. Kent 



State/Commonwealth 
of • 



County of 



day of _ 



20 , before me, the undersigned 



On this 

notary public, personally appeared David L. Kent, 
I I personally known to me, or 

j— j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregomg instrument as his/her fi^e act and deed. 



(SEAL) 



My Commission expires 



Notary Public 
(print name) 

/ 
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(57) Abstract: An apparatus for image acquisition of topological features of the surface of skin. The apparatus comprises a wave- 
g guide, having an entrance edge and top and bottom surfaces; a Hght source, configured to direct a light beam at the entrance edge 
^ of the waveguide; a skin contact layer, disposed al or near the top surface of the w/aveguides; a holographic optical element (HOE), 
^ disposed at the top or at the bottom surfaces of the waveguide, configured to dilTract the light beam incident from the light source to 
the skin contact layer, a sensor array, configured to delect light reflected from the surface of skin in contact with skin conUci layer; 
and means for compensating for changes in the Bragg matching condition of the HOE due to temperature. 
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ACQUISITION OF HIGH RESOLUTION BIOMETRIC IMAGES 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 
5 60/480,008, filed on June 21, 2003, U.S. Provisional AppHcation No. 60/519,792, 
filed on November 13, 2003 and U.S. Provisional Application No. 60/523,068, filed 
on November 1 1, 2003. This application is related to the PCT Application entitled 
"Metihod and Apparatus for Processing Biometric Images'* filed concurrently 
herewith on jfune 21, 2004 under the attorney docket number 3174.1012-006. The 
10 entire teachings of the above applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Growing concerns regarding domestic security have created a critical need to 
positively identify individuals as legitimate holders of credit cards, driver's licenses, 
passports and other forms of identification. The ideal identification process is 
1 5 reliable, fast, and relatively inexpensive. It should be based on modem high-speed 
electronic devices that can be networked to enable fast and effective sharing of 
information. It should also be compact, portable, and robust for convenient use in a 
variety of environments, including aiiport security stations, customs and bolder 
crossings, police vehicles, home and ofBce computing and entrance control sites of 
20 secure buildings. 

A well established method for identification is to compare a fingerprint with 
a previously obtained authentic fingerprint of tiie individual. Fingerprints have 
traditionally been coUected by rolling an inked finger on a white paper. Since this 
traditional process clearly fails to meet tiie criteria listed above, numerous attempts 
25 have been made to adapt an electronically imaged fingerprint method to address new 
security demands. These modem proposals all use, as a key component, a solid-state 
device such as a capacitive or optical sensor to capture the fingerprint image in a 
digital format. By using a new type of solid-state imager as part of a fingerprint 
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with a few minutiae points can positively identify an individual reliably. 

Most optical designs proposed fot creating fingerprint images suffer 
important limitations that reduce their usefulness in real life applications. Many 
designs are not suitable, for example, to resolve pore patterns or fine detail of the 
5 contour of the intersection of ridges and valleys in the fingerprint Other designs 
produce distorted images that complicate fingerprint correlation, and still other 
designs are too bull^ or delicate for convenient use in the field. 

One optical design that reduces the overall size of tiie device uses hologramis 
to dif&act light in a desired directioiL A common limitation of such devices is 
1 0 sensitivity of the intensity of illumination of the target topological sur&ce to 

variation in temperature with respect to angle and wavelength of the incident ligiht. 

Aecordingly^tiiCTe is a need for a compact, hig^ resolution device that- 
reliably operates over a broad range of temperature. 

SUMMARY OF THE INVENTION 
1 5 The present invention relates to an apparatus and method of acquisition of an 

image of any surface topology present on skin, which, by way of example, can be a 
rolled and/or slap fingeiprint, palm prin^ etc. and hereinafter for convenience will be 
referred to as a fingerprint. 

In one embodiment, the present invention is an apparatus for fingeiprint 
20 image acquisition, comprising a waveguide, having an entrance edge and top and 
bottom; a light source, configured to direct a light beam at the entrance edge of the 
waveguide; a skin contact layer, disposed at or near the top sur&ce of the wayeguide 
or bottom surface of the waveguide; a holographic optical element (HOE), disposed 
at the top or at the bottom surfaces of the waveguide, configured to dif&act the light 
25 beam incident from the light source to the skin contact layer; a sensor array, 

configured to detect light reflected &om the interface between skin and tiie skin 
contact layer. The HOE includes a layer comprising a grating and at least one 
supporting layer in contact with the said grating layer, wherein the grating layer and 
the at least one supporting layer have substantially similar coefficients of thermal 
30 expansion or thermo-optic coefficients or both. * 
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light beam at tiie entrance edge of the waveguide; a skin contact layer, disposed at 
the top sxirface of the waveguide; a holographic optical element (HOE), disposed at 
the top or at the bottom surfaces of the waveguide, configured to difiract the light 
beam at the skin contact layer and having a Bragg matching condition; a sensor 
5 airay, configured to detect light reflected from the inter&ce between skin and the 
skin contact layer, and means for compensating for changes in the Bragg matching 
condition ofthe HOE due to changes in temperature. The light soiux:e is a broad 
wavelength spectrum light source, the wavelengths of which can reconstmct the 
HOE. 

10 In one embodiment, Ihe present invention is a method of acquiring an image 

ofthe topology ofthe surface of skin, comprising receiving a surface of skin by a 
device for image acquisition of the topological features of the surface of skin 
wherein said device includes a holographic optical element (HOE) having a Bragg 
matching condition; directing a light beam at the HOE, thereby diffracting the light 

15 beam; directing the diffracted light beam at the interface between skin and the skin 
contact layer, thereby reflecting the hght beam; compensating for temperature- 
induced changes in the Bragg matching condition of the HOE; and detecting the 
reflected light, thereby acquiring the image of the topological features ofthe surface 
of skin by said device. 

20 It should be understood that the example embodiments described above, 

include a corresponding method or apparatus embodiments. 

The device ofthe present invention is preferably compact, possesses a broad 
operating temperature ninge and advantageously allows the acquisition of images 
that capture pore structural features and fine detail features of the contour of flie 

25 ridge stracture in addition to standard minutiae structures. We have shown that the 
use of pores combined with the use of the fine detail of the ridge contour and tlie 
usual minutiae significantly increases the reliability of fingerprint comparisons, and 
substantially reduces the false accept rate, as well as providing positive 
identification with use of fingerprint sample areas as small as 0.1 x 0.1 inches. 

30 Various example embodiments of the instrument used to acquire images of 

biometrics are described herein. The embodiments may also include alternative 
embodiments ofthe instrument and various embodiments of acquiring, modeling. 
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DETAILED DESCRIPTION OF THE INVENTION 

A description of prefeired embodiments of the invention for a fingerprint 
biometric follows. It should be understood that the principles of the present 
invention and example preferred embodiments of die methods and apparatus 
5 described below may be applied to other biometrics, including: ^8hiq)eand 
structure, &cial or hand thermograms, iris or retina structure, handwritiiig, 
fingerprints, palm prints, foot prints, toe prints, or prints of other areas of the skin, 
including hah:. 

I . FIG. 1 is a system diagram in which an embodiment of a fingerprint sensor 

1 0 according to the principles of tihie present invention is en:q)loyed. The fingerprint 
sensor 100 includes a fingerprint imager 1 10 and fingerprint camera 120. The 
imager 110 and camera 120 may be mechmiically, electrically, and optically 
coxmected in a single "box." A finger 105 or other topological surface of skin is 
placed on die fingerprint imager 1 10 at a 'Viewable" location by the imager 1 10 for 
1 5 acquisition of a fingerprint or information of other topological surfaces of skin 1 15 
by die camera 1 20 and for modeling of the fingerprint 1 1 5 by processing as 
described in co-pending PCT application with attorney docket number 3 174.1012- 
006 filed concurrently herewith on June 2 1 , 2004. 

Continuing to refer to FIG. 1, the fingerprint camera 120 includes an 
20 interface to communicate bidirectionally with a local computer 1 30 via a control 

chaimel/data link 125. The fingerprint camera 120 sends image data 160 to the local 
computer 130, and the local computer 130 may send control data 165 or odier 
information, including image data 125, to the fingerprint camera 120 or imager 110 
via the link 125. 

25 The local computer 130 includes a variety of processing capabilities, such as 

modeling, authentication, and authorization that are applied to the image data 160. 
The local computer 130 is in communication with a local database 135 via a local 
link 132. Image data and associated model(s) 170, collectively, are conununicated 
between the local computer 130 and local database 135 via the local link 132. Other 

30 data, such as administrative data, may also be communicated over the local link 132 
for storage in the local database 135 for later retrieval. 
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that are available with fully proportional-integral-derivative feedback for closed loop 
control (second wavelength adsoiber within HOE). 

FIG. 2 is a hierarchical diagram of the fingeiprint sensor 100. The 
fingeiprint sensor 100, as discussed in reference to FIG. 1, includes a fingerprint 
5 imager 1 10 and fingerprint camera 120. Each will be discussed in turn. 

The fingerprint imager 1 10 includes a light source 205, optics 210, and, 
optionally^ active control circuits/element(s) 225, The light source 205 may be a 
coherent light source, such as a laser diode, which works efficiently with a HOE, or 
may be a non-coherent light source. The optics 210 includes optical elements 250, 
10 which are non-HOE's such as a slab waveguide, waveplate, polarizer, and lens(es), 
and at least one HOE, labeled 255 in FIG. 2, which includes a hologram. 

The optional active control circuit/element(s) 225 may include an angle 
controller 230 and actuator 235. The actuator may be Direct Current (DC) motor, 
stepper motor, piezo-electric actuator, or other electro-mechanical device capable 
1 5 and adaptable for use in moving the light source 205 to positions and/or at angles 
fine enough for use in the fingerprint sensor 100. A wavelength controller 240 may 
also be employed in the imager 1 10, where the wavelength controller 240 may be 
used to change the wavelength of the light source 205, which, in turn, can 
compensate for temperature-induced changes in the angle for the Bragg matohing 
20 condition of the HOE. A power controller 245 may also be employed by the imager 
110 to control the output power and/or wavelength of the light source 205 for 
controlling exposure levels of the fingerprint 115. 

The fingerprint camera 120 includes a sensor array 215 and electronics 220. 
The sensor array 215 may be a Charge Coupled Device (CCD) or Complimentary 
25 Metal Oxide Semiconductor (CMOS) and have a plurality of pixels arranged in a 
rectangular, or square pattern or other suitable pattern, providing a resolution fine 
enough for use in the fingerprint sensor 100. The electronics 220 are coupled to the 
sensor array 21 5 for receiving pixel data for processing. The electronics may 
include, by way of example, a processor, memory, AID conversion, circuitry for 
30 variable shutter and/or integration time, and sensor data communications interface. 
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diffeience in actual signal level and a desired signal level corresponding to imaging 
performance. 

For example, in the case of the fingerprint sensor 100, the feedback signal 
395 may represent an angular error (i.e. mismatch firom the Bragg matching 
5 condition of the HOE for light of a particular wavelength incident to the HOE) of ^ 
light beam emitting from the light source 205 and projecting onto the topological 
surface of the fingerprint, which may be caused by temperature effects on the optics 
210. The camera logic 330 or microprocessor 335 may determine the feedback 
signal 395 based on the image data fix)m the sensor array 215. The image data 

10 provided by the sensor array 215, for the purposes of feedback control, may include 
intensity data firom a specific pixel in the sensor array, or data from a grouping of 
pixels in flie sensor array or any combination thereof^ or said image data used for 
feedback control may originate from at least one separate and independent sensor 
386, providing signal 387 to camera electronics 220 for feedback control, that may 

15 comprise a plurality of sensors. The sensor array 215 may contain an additional 
light sensitive area 380, separate from the array of imaging pixels in the sensor array 
215 and comprising one or more pixel, which may provide a signal 385 to the 
camera electronics 220 for the purposes of feedback control. 

The camera electronics 220 may also provide a control signal 325 to the ' 

20 sensor array 2 1 5 for use during imaging of the fingerprint features or other 

topological features of the skin surface. The camera electronics may further include 
system memory 345 for storing image data following acquisition. The system 
memory 345 may also provide support for storing image data or partial image data 
during processing of the fingerprint image. The camera electronics 220 may frirther 

25 include microprocessor memory 355 for supporting the microprocessor 335. The 
microprocessor 335 and associated memory 355 may be used, for example, for 
processing the image data or calculating the feedback parameters in order to 
determine feedback signals 391, 392 or 395 or combinations thereof. Fiulher, the 
camera electronics 220 may also include an interface circuit 360 for communicating 

30 with the local computer 1 30 via the conmiunications link for transferring the image 
data 125 and fingerprint sensor control information 165 (see FIG. 1). The interface 
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curved surface may be a cone, and a subject whose pahn print is taken places his or 
her palm wrapped around the outer surface of the cone. In another embodiment, the 
waveguide is a cone having an inner surface accessible and a subject placing his or 
her finger in contact with such inner surface. Accordingly, as used herein, the term 
5 "top waveguide surface" generally refers to the skin-pioximal siuface of the 

waveguide, i.e. the surface in contact with skin. As used herein, the term ''bottom 
waveguide surface'* refers to the sensor array-proximal surface of the waveguide, i.e. 
&e surface opposite to the skin proximal surface. 

Use of holographic optical elements (HOE) that comprise a photopolymer 
10 recording media attached to at least one support layer allows for a compact design 
without sacrificing resolution. However, certain important characteristics of the 
holographic optical element are very temperature sensitive. For transmission 
holograms, such as illustrated in FIG. 5, the fraction of light diffracted by the 
hologram depends both on the wavelength of the light, and its angle of incidence 9 
15 at the interface between HOE 410 and waveguide 405. Adequate dif&action 

efficiency occurs only in narrow wavelength and angular ranges that are determined 
by the angles of the recording conditions for the HOE, the thickness of the hologram 
medium, and the wavelength of the light used for recording the HOE (collectively 
detennine so called Bragg selectivity or Bragg matching condition), and the 
20 wavelength of the light used to reconstruct the HOE. Without appropriate 

adjustments to the wavelength or incident angle, temperature changes of only a few 
degrees will significantly reduce or even eliminate holographic diffraction of a 
single hologram due to the effect of temperature on the refractive index of the 
hologram, the grating spacing and the grating angle. 
25 Referring to FIG. 5, the intensity of diffracted light at temperature T = Ti has 

a peak at an incident angle 6i to the HOE for a specific wavelength X\, As 
temperature changes from T = Tj to T = T2 to T = T3, the peak of intensity of 
diffracted light at a fixed location along the z-axis shifts from an incident angle Q\ to 
an incident angle of 02 to an incident angle ©3, for a fixed incident wavelength Xy. 
30 As a result, intensity of light diffracted to a fibced location zq along the z-axis 

decreases, tlius significantly degrading the signal-to-noise (SNR) ratio. Similarly as 
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of beam 207 changes from aj to at entrance edge 604 when T cliaxiges from T=Ti 
toT=T2. It may be shown that the following relationship for holds trae: 

a,-a,^ ^^^-^^'^ l.T, (1) 

where Ar= T2'Tu and CTEd and CTEj are the coefficients of tfaeimal expansion for 
5 the light soutce (e.g., laser diode) momit and for the lens mount, respectively. 

It is understood that a material that expands as temperature increases 
preferably also contracts as tempemture decreases or vica versa. Thus, as used 
herein, tiie term 'Hfaermally e3q>andable" means changing volume or lengOi with 
temperature. 

10 Alternate embodiments of this general concept include, but are not limited to, 

translating the 1^ p\€msspL6Q%x^ 

plane, and/or moving and tilting a light source 205 provided fliat light source 205 
outputs a coUimated beam. In this latter embodiment, lens element 602 is integrated 
into the light source 205. These motions can all be achieved automatically via 
1 5 temperature induced changes in the dimensions of tiie stmctural elements that form 
jflie mechanical mounts for these optical components. These motions can be 
performed in any combination and those skilled in the art will be able to choose 
proper materials and dimensions for said mechanical mounts. 

Referring back to FIG. 3 and to FIG. 6C and the inset, the fingerprint 

20 apparatus of this invention further comprises an electronically controlled actuator 

390, such as a motor, that can be used to adjust the angle of incidence a by changing 
the vertical position of the lens element 602 with respect to the optical axis of light 
source 205, or by changing the vertical position of the light source 205 with respect 
to the optical center of lens element 602, such as shown in FIG 6C inset by vertical 

25 translation of the light source to a height position of y =Ay at T=T2. As depicted in 
FIG. 6C, the electronic actuator is represented by two separate motors 620 and 621 
that drive the laser source 205 and the lens element 602, respectively in the>/- 
direction to accommodate changes in incident angles at the entrance edge 604. There 
is a number of means by which the signal to drive the actuator can be obtained by 

30 one skilled in the art, and the methods depicted in FIG. 6C and its inset are intended 
to be illustrative but not limiting. In particular, it is desirable to use light diffracted 
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locations where its path of inteinal reflection is termmated by the presence of 
anoflier surface, such as edge 690 of waveguide 405. 

Altemativefy, a second hologram, as well be detailed further in reference to 
the description of FIG. 7A, included specifically for Ifae purpose of generating a 
5 servo feedback signal, can be recorded so as to be located in the vicinity of the main 
hologram of HOE 410. In one embodiment, tins second hologram can be co-located 
with the main hologram by being co-locationaQy multiplexed. 

Referring to FIG. 6D additional embodiments of the device of Ihe present 
invention are shown. Specifically, entrance edge 604 is designed so that the incident 
10 ray 630 refiacts as ray 630a towards bottom surface 612 of the waveguide 405. A 
portion of bottom surface 612 of waveguide 405 can be coated with a reflective 

le^^ieg^^^^ 

waveguide 405 from smudges and other defects or contamination that may arise on 
bottom surface 612. These defects, if present, can add aberrations and regions of 
15 non-uniform beam intensity in the reflected beam 630e, such as by suppressing total 
internal reflection at locations of the defects, thereby possibly compromising the 
quality of the image collected by sensor array 215. It is preferable that reflective 
layer 614 only extend as far as would be required to protect the area of the first 
reflection of the incident light at surface 612. The extent of reflective layer 614 the 
20 z-direction should not block rays such as ray 630d from reaching sensor array 215. 

In another embodiment waveguide 405 includes light traps 655 at edge 690, 
see FIG. 6D. Light traps 655 are designed to absorb substantially all of the light 
incident upon edge 690 and allow a minimum of light to reflect at edge 690. 
Suppressing such reflections (for example ray 63 Oe that is undiffracted by HOE 410) 
25 minimizes the amount of spurious light that may illuminate the skin topology under 
examination and/or the amount of spurious light that is incident upon sensor array 
215, which would otherwise reduce the SNR of the fingerprint system. 

In another embodiment, shown in FIG. 6E, entrance edge 604 operates with 
optical power to optimize illumination of the location of the hologram of HOE 410. 
30 In FIG. 6E, entrance edge 604 as shown includes optical element 660. In this 
embodiment, lens element 602 (see FIGs. 6A-6D) can be eliminated. By way of 
example, optical power of entrance edge 604 can be designed to provide optimal 
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locations of dedicated areas of sensor array 215 are selected), by way of ^cample, so 
as to be located at positions along the z-axis to independently detect the intensity of 
light diffracted by holograms 702 and 704, respectively. Sensors 720 and 722 can 
be located to detect the intensity of lig^t diffracted by holograms 702 and 704 or 
S instead to detect the intensity of the dif&acted light from said holograms after Ihe 
difi&acted light has reflected at top sur&ce 726 of skin contact layer 807, Preferably, 
alftough not a requirement, aj,, anoE and aR are adjusted so that the intensities of 
light beam dif&acted by hologram 702 and 704 and detected by the respective 
dedicated sensors are substantially equal at die values of incident angles for the 
10 Bragg matching condition of flie respective holograms (shown as equal height peak 
in FIG. 7B). As can be seen jfrom FIG. 7B, at < aHOE < aR. As the result, as shown 
in FIG . 7C, when the angle for the Bragg matching coiiditicrn of HOE 410^d" " 
holograms 702 and 704 changes due to temperature changing from Ti to Tz, the 
dedicated sensors 720 and 722 will detect intensity of light beams diffracted from 
15 holograms 702 and 704 ttiat are different from the respective intensities detected at 
temperature Ti for the same angle of incidence a. The difference in intensity can be 
used to compute the control signals 393 or 396 or 398 or combinations thereof. It 
should be understood that logic 330 is designed to receive signals from the dedicated 
areas for processing differences in intensities. 
20 An alternative embodiment comprises use of multiplexed holograms 

recorded in the photopolymer media of the HOE. The multiplexed holograms are 
recorded so that the Bragg selectivity's of these holograms are substantially 
overlapping. Use of multiplexed holograms that are recorded co-locationally can 
significantly reduce the sensitivity of the apparatus of this invention to temperature 
25 changes, or alignment changes, or wavelength changes, or combinations thereof. 
The multiplexed holograms, by way of example, can be multiplexed by the method 
of planar-angle multiplexing in a manner such that the increment of the recording 
angle is less than the width of the Bragg selectivity of each multiplexed hologram. 
Alternatively, these holograms can be multiplexed by varying the interbeam angle or 
30 the wavelengfli such that tfie grating period of each multiplexed hologram is slightly 
different so that the angular or wavelength selectivity characteristics of one such 
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camera microprocessor 335 in order to detennine the correct operating wavelength 
to drive the wavelength controller 240. 

In other embodiments, rather tihan changing the wavelength, a light source 
tiiat has a broader wavelength spectrum can be used to reduce the sensitivity of the 
5 Bragg angle of the HOE to temperature change. Such light sources may include, for 
example, an LED or superlmninescent LED. £ni these embodiments the incident 
angle a is held constant As long as changes of the Bragg wavelength, produced by 
temperature changes of flie HOE, are within the spectral bandwidth of the light 
source there will be a sufficient intensity of diffracted light to produce good 
10 imaging. 

Other embodiments of the apparatus of this invention relate to physical 

;: ~ : : constmcrtioirxtf the de^ : 
embodiment, entrance edge 604 of waveguide 405 forms an oblique angle to the top 
and bottom surfaces 610 and 612, said surfaces 610 and 612 being substantially 

15 parallel and planar siufaces. Use of an oblique angle for the entrance face of tiie 
waveguide advantageously reduces the thickness requirement for said slab 
waveguide. For example, with use of oblique angle for the entrance face, light beam 
630 can be refracted directly towards top surface of waveguide 610 rather than 
towards bottom surface of waveguide 612 as it does in FIG. 6D. Refracting incident 

20 light 630 directly towards top surface, thereby eliminating the total internal 

reflection condition that is otherwise required for bottom surface of waveguide 612, 
reduces the z-dimension of waveguide 405. Alternatively, waveguide 405 can 
comprise inner and outer surfaces that may be curved so that a large topological 
surface of the skin can be placed on the outer surface at one time and imaged, such 

25 as could be the case when imaging the topological features of the surface of a palm. 
Again, use of an oblique angle for the entrance facet of the waveguide 
advantageously reduces the thickness requirement for said waveguide. 

Other embodiments of the apparatus and method of this invention relate to 
the hologram recorded in the photopolymerizable media of the HOE. Referring to 

30 FIG. 8A, the apparatus of this invention preferably comprises HOE 410 that diffracts 
light (beam 826) in a direction that is not perpendicular to skin contact layer 807 so 
that the light reflected at the interface of skin contact layer 807 with air will not be 
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attached to skin contact layer 807, or it can be part of the cover plate, or it can be 
placed onto the cover plate before the fingerprint is captured. The pliable coating 
can be used to enhance image quality and reduce the dependence of SNR in the 
acquired fingerprint image on finger moisture or the wetting chaxacteristic of the 
S finger surfiace to skin contact layer 807 by improving the degree of qptical contact 
between tiie surface topology of the sldn of the finger and the skin contect 1^^ 

In another embodiment skin contact layer 807 is formed fix>m a material tbat 
has a refiractive index that optimizes SNR of the captured image, such as fiised 
silica, whereby the reflective index of the contact sur&ce is similar to that of the 
10 sur&ce of the finger or other skin sur&ce. 

Referring to FIG. 8D, the devices of the present invention can also include 

~: : : v ?^^!?^^^ 

wave plate 838, preferably V4 waveplate, in combination with linear polarizer 840 to 
reduce detection of noise that can arise imdesirably firom sources such as difiRise and 
1 5 specular reflection. In this manner the contrast of the fingerprint image can be 

improved. In one configuration, Vi wave plate 838 can be sandwiched between HOE 
410 and skin contact layer 807 or 807A (see FIG. 8C), and the linear polarizer 840 is 
located between waveguide 405 and above sensor array 215. When linearly 
polarized light is dif&acted firom HOE 410 in a direction of % wave plate 838, the 
20 polarization is transformed upon propagating through Va wave plate 838 to circularly 
polarized light Upon reflection from either the top sxirface 726 of skin contact layer 
807 or 807A or from ridge structure of the finger, the circularly polarized light is 
transformed by Ya wave plate 838 back into linearly polarized light that has an 
electric field direction that is orthogonal to the original direction of the light entering 
25 HOE 410. When light, dif&acted by HOE 410, interacts with the ridge structure of 
the finger surface that is in contact with the top surface 726 of skin contact layer 807 
or 807 A, both diffuse and specular reflections occur, with the former being stronger 
in some embodiments. When the diffracted light interacts with the top surface 726 
of skin contact layer 807 or S07A at locations that correspond to a portion of skin 
30 surface that does not touch top surface 726 at these locations, only specular reflected 
light occurs. Detection of the noise contributions from the reflected light can 
substantially increase the level of grey-scale detected for portions of the captured 
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emitting diodes (LEDs) and/or semiconductor laser diodes. For reduced opto- 
mechanical alignment tolerances and simpler diffiactive grating designs for HOE 
410, it is desirable to coUimate flie radiation emitted ftom the light source. Lens 
element 602 is shown in FIG. 8 A. Although a single transmissive lens is depicted, 
S in general lens element 602 is composed of any combination of one or more 

transmissive and/or reflective optical elements such that the net optical effect is a 
substantial coUimation of radiation emitted by ligjht source 205. The collimated light 
emerging from lens element 602 is incident upon entrance edge 604 of waveguide 
405. The angle <psB of the entrance edge 604 is specified so that optical axis 804 of 
10 the incident light beam propagating at an angle Gi (relative to flie z-axis) is refracted 
at entrance edge 604 so that beam 822 propagates at an angle 0sb with respect to the 

sufficiently large footprint of light illuminates HOE 410 and therefore illmninates 
finger 105 or other topological surface of the skin. 
15 Referring to FIG. 8 A, thickness Tis defined as flie distance that separates the 

top 726 of skin contact layer 807 to surface 814 of sensor array 215. For 
compactness of the device and in order to reduce the fliickness T, which plays a role 
in defining the spatial resolution of the fingerprint sensor, it is desirable that tiie 
angle Gsb be large, for example greater than about 70** but it is preferable that 9sb be 
20 less than about 80** for otherwise the device will exhibit large sensitivity to thermal 
changes. By way of example, for Gsb = 79° and a substrate block of thickness 
TsB = 3.3 mm approximately 17 mm [3.3-tan(79°)] length of the skin topology can 
be imaged in the z-direction. For &e case of Gsb = 79% then wifli 9| = 17. S"", and the 
substrate block composed of a material of index 1.53, <psB = 90.9*". Note that by 
25 having light source platform 662 tilted below the horizon, the opto-electro- 
mechanical components of the fingerprint sensor are allowed to lie below skin 
contact layer 807, thereby allowing for the housing 818 to be flush with said cover 
slide top. 

Continuing to refer to FIG. 8A, the light, incident upon waveguide 405/HOE 
30 410 interface, is refi-acted into HOE 410. In one embodiment, holographic grating 
of HOE 410 is a volume grating. One skilled in the art can design and engineer a 
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In one embodiment, there are several films, 810, 811 and 812, disposed 
between waveguide 405 iand detector cover 813. These films may be arranged in 
many different manners, but flieir puipose serves to suppress reflections of light, in 
addition to filtering out unwanted noise, hi one embodiment, film 810 is a linear 
5 polarizer fihn; Polarizer 810 preferentially has a polarization orientation 

substantially parallel to die polarization of the incident light ray 822. As such, 
polarizing film 810 suppresses portions of dif&acted beam 826 idiat are scattered by 
finger 105 (and hence depolarized) &om reaching sensor airay 215. Film 811 is a 
wavelength filter. Wavelengfii filter 81 1 is preferentially tuned so that it 
10 substantially transmits wavelengths of light emitted by light source 205, and blcicks 
all oth^ wavelengths, and as such rejects ambient light originating outside of the 
hoB3g^g ^8^^at-w^ ^ 

way of example, can be a dichroic film coating or a material that absorbs the desired 
spectral distribution of flie ambient light, such as can be tiie case for a dyed plastic. 
1 5 Note fhat'tfae wavelength filtering properties of film 811 can be incorporated into the 
bulk material or as a coating on either waveguide 405, skin contact layer 807, and/or 
detector cover 813, tiiereby eliminating the need for wavelength filter 811, Film 8 12 
is an index-matching material where the index of refiraction of said material 
preferentially matches within about 0.15 to the index of refiraction of film 811 and 

20 detector cover 813. As a result, the intensity of reflected light at the interfaces of 
film 812 is not greater than about 0.25% of the intensity of the incident light at die 
boundaries of fihn 812. Alternatively, if index-matching material is not desired, it is 
preferred that the space shown occupied by film 812 be replaced by a small air gap 
(for example, approximately 0.1 to 0.2 mm) and that the film 81 1 and detector cover 

25 813 each have an anti-reflection (AR) coating on their two opposing surfaces. 

The light transmitted by detector cover 813 is incident upon sensor array 
215. In one embodiment, sensor array 215 comprises a plurality of detector 
elements that enable a 2-D image of the fingerprint to be captured. Sensor array 215 
can be a 2-D or 1-D charge coupled device (CCD), but is preferentially a detector 

30 requiring lower electrical power such as a 2-D or 1-D CMOS device. For the 

reduction of stray light, which for a coherent light source can lead to the creation of 
interference fiinges that may be mistakenly constmed for features on the skin being 
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skin contact layer 807 and the skin, but is minimized for the interfece between skin 
contact layer 807 and air. 

FIG. 8B depicts a top-down view of &e embodiment of the device shown in 
HG. 8 A. In one embodiment, the width of the beam in the x-direction illuminating 
5 waveguide 405 and hence the illuminated width of finger 1 OS is dictated by the 
width of tiie beam that enters lens element 602. For the embodiment of light source 
205 containing at least one semiconductor laser, Ifae divergence of a semiconductor 
laser diode is anamoiphic. With such an anamoiphic beam, the angle of rays 823 
(see FIG. 8A) and 824, emerging firom light source 205 and representing the 50% 
1 0 drop in intensity level of the beam, will make angles of 65 and respectively, with 
respect to optical axis 804. For typical laser diodes, the ratio of these two angles is 
approximatelyrSrl, which meanslhe beamisrsubstantially effipticaiin a'crosssection 
perpendicular to optical axis 804. 

By way of example, consider the specification that the fingerprint device 
15 must be capable of examining a 17 x 17 mm area of skin. As illustrated earlier, a 
thickness Tsb of 3.3 mm can accommodate the 17 mm skin size in the z-direction. 
To accommodate the 17 mm in the ;c-direction, the waveguide must be at least 
17 mm wide in this direction (as does the beam width of light in the jc-direction from 
light source 205 that illuminates entrance edge 604). Therefore entrance edge 604 is 
20 substantially rectangular having dimensions in x arid y of 1 7 mm and 3 .3 mm, 

respectively. For maximum light efficiency, it is preferable that the fast axis of the 
laser (e.g., the axis of the laser that diverges the fastest), with full width at half 
maximum (FWHM) of 29f, be in the durection of the 17mm width of waveguide 405 
(corresponding to the jc-axis). Likewise, the slow-axis (axis of the laser that diverges 
25 the slowest) having FWHM of 2Gs, will correspond to the direction of the 3 mm 
thickness of waveguide 405. 

In addition to the mechanical matching of beam widths and footprints for the 
area to be imaged of the topological surface of the skin, use of a diffraction optical 
element 410, that operates to diffract light so as to illuminate said surface of the 
30 skin, is generally polarization dependent. Consequently, use of correct polarization 
is preferred to achieve good SNR of the system. For a single transverse mode laser 
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10 



Patent Application US 2003/0007201, flie teachings of which aie herein 
incorporated by reference in their entirety. Briefly, the dif&action efficiency of a 
hologram is a periodic fimction of the value of the grating strength of the hologram, 
which is dependent upon a material property, namely the value of its refractive index 
modulation. For photopolymer recording materials, the refractive index modulation, 
in turn, depends primarily on the degree of chemical segregation achieved in the 
recording material of the polymerizable component and the binder and the relative 
refractive index difference between the polymerizable conqionent and the binder in 
the recording material, but it also may depend on thickness of the recording material, 
angles of incidence of the beams used to record the hologram and thereby tihe 
grating period, as well as the wavelength of the light used to record the hologram. 

grating strength is dependent upon similar parameters such as grating jperiod, 
thickness, and wavelength. A hologram is optimized for a particular polarization 
15 when it is recorded using such combination of the above parameters that the 
resulting value of refractive index modulation corresponds to a peak of the 
dif&action efficiency. Ordinarily, the peaks of diflftBction efficiencies of the 
holograms optimized for s- and p-polarized light do not occur at the same values of 
the refraction index modulation or grating strength (i.e. same values of the above- 
20 mentioned parameters). However, using the periodicity of the diffraction efficiency 
as a function of the value of the refractive index modulation or grating strength, it is 
possible to record a hologram that is optimized for both s- and p-polarized light 
Since any light wave can be described as superposition of s- and p-polarized waves, 
a hologram that is simultaneously optimized for s- and p-polarized light is said to be 
25 polarization independent. \ 

In the preferred embodiment of the device of the present invention, beam 
blocks 816 and 817 are integrated into the design. Beam block 816 is designed such 
that light from light source 205 does not enter sensor array 2 1 5 or any of the film 
layers, 810 through 812. Beam block 817 is designed so that light from light source 
30 205 does not impinge onto finger 105, HOE 410, or skin contact layer 807. Both 
beam blocks 816 and 817 are positioned as close to entrance edge 604 as possible in 
order to minimize adverse diffraction effects due to the clipping of the li^t beam. 
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_The grating geomeHy of HG. 9 has the advantage that beam expansion in 
the xz plane is accomplished. The achieved beam expansion of the incident beam of 
diameter A is given by 

Dr _ cosfl_i 
Z)| " cos^i ' 

5 where G.i is the angle of the diffracted -1** order reflected beam 901 measured 
relative to the grating surface normal 902 and 9/ is the angle of incidence of the 
incident beam 903 relative to grating surface normal 902. 

As an example of such a reflective anamorphic beam expanding grating, 
consider a 1600 Ip/mm reflection grating. Consider further that light source 205 is a 
10 semiconductor diode laser of 655 nm wavelength radiation and that beam 903 is 
mbidentupdns^^ 

diffracted negative first order propagates at G.i = 2.97 and the expansion ratio Dj/Di 
achieved is 1 1.5. Note that one skilled in the art can design and engineer other 
gratings (for example, surface-relief or volume), including gratings wherein the 
15 incident beam 903 transmits through a substrate such that it illuminates the grating 
from inside of the substrate material (for example a glass) which then transmits the 
required diffraction order for achieving the level of anamorphic beam expansion 
required. Whether a transmission or a reflection grating is designed to perform the 
required anamorphic beam e?qpansion in the jcz plane, it is preferable that the grating 
' 20 have a sufificientiy high frequency such that a minimum number of dif&action orders 
propagate other than the order of interest. In this manner, one can make Ihe distance 
between the grating 904 and the waveguide 405 as short as possible such that only a 
single diffraction order enters into the substrate block. 

In tiie embodiment shown in FIG. 9, flie diffracted beam 901 travels 
25 substantially parallel to flie z-axis. The geometry of the fingerprint sensor illustrated 
in FIGs. 8 A and SB indicates the preference for a HOE 410 that has grating fringes 
that are primarily tilted in the y-z plane, but are approximately uniform along flie Re- 
direction. As such, HOE 410 has Bragg-matching conditions that require fractions 
of a degree of control of the light propagation angle in the y-z plane, but less 
30 stringent (>5 degrees) requirements for the angle of light propagation in the x-z 
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In 2003, 6.5 years later, said Polaroid photographic image was digitized by 
scanmng at 600 dpi, and used as a training template for an example of the fingerprint 
correlation software of this invention. A new image of die same finger was acquired 
in 2003 using a fingerprint imager of this invention comprising the optical design of 
5 FIG. 4. The captured fingerprint was compared to the scanned image of the 6.5- 
year-old photograph of the original fingerprint A positive identification, using 
locations of pores, flie fine detail of the ridge contour at the boundaries of ridges and 
valleys, and nunutiae was readily achieved, even though Ihe said original and new 
images represent a finger area only 1/8" by 1/8", scale and rotation were diflFerent, 
10 the photograph had distortions due to being obtained firom an image of the original 

i 

fingerprint as displayed on a curved surface of a video monitor, and contrast and 

^^PPP^;^^^ least SOfeafe^^ 

45 pores and 5 minutia points were captured firom the original scan of die 1996 
image, of which 22 pores and 5 minutia were present, detected and matched in the 
1 5 captured fingerprint imaged in 2003 . The successfiil correlation results show that 
including pores in the fingerprint as well as the fine details of the ridge contour, by 
use of an apparatus that is capable of acquiring fingerprint images at high resolution, 
greatly increases the number of features that can be used for image correlation and 
significantly enhances the reliability of fingerprint comparison. Beneficial effects of 
20 the enhancements provided by the apparatus and method of this invention provide 
for reducing the occurrence of false acceptance, improving (through use of multiple 
templates) false reject rates, and significantly reducing the fingerprint sample area 
required for positive unique and deterministic authentication and idehtification. 
FIG. 10 shows the Bragg detuning characteristics for 8 co-locationally 
25 multiplexed slant fiinge plane-wave holograms recorded in 50 micron thick USLH- 
500-7A Aprilis holographic recording medium. Recording was carried out in the 
conventional manner using angle multiplexing where the increment of the recording 
angles for each of the co-locationally multiplexed holograms corresponds to twice 
the value for the full angle width at half height of the respective Bragg detuning 
30 curves. Each hologram was recorded with equal beam intensities of 4 mW in flie 
Reference and Signal beam paths using spatially filtered and collimated light with a 
fixed value for the interbeam angle of 48.6°, and the sample was rotated about the 
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CLAIMS 

An apparatus for fingerprint image acquisition comprising: 

a waveguide, having an entrance edge and top and bottom surfaces; 

a light source, configured to direct a light beam toward the entrance 
edge of the waveguide; 

a skin contact layer, disposed at or near the top surface of the 
waveguide or bottom surface of the waveguide; 

a holographic optical element (HOE), disposed at the top or at the 
bottom surfaces of the waveguide, configured to dif&act the light beam 
incident firom the Ught source to the skin contact layer; 

a sensor array, configured to detect light reflected firom the interface 
between skin aiid the skin contact layer," 
wherein the HOE includes 
a layer comprising a grating; and 

at least one supporting layer in contact with the said grating layer, wherein 
the grating layer and the at least one supporting layer have substantially 
similar coefficients of fliermal expansion or thermo-optic coefficients or 
both. 

An apparatus for image acquisition of topological features of the sur&ce of 
skin comprising: 

a waveguide, having an entrance edge and top and bottom surfaces; 

a light source, configured to direct a li^t beam at the entrance edge 
of the waveguide; 

a skin contact layer, disposed at or near the top surface or the bottoin 
siuface of the waveguide; 

a holographic optical element (HOE), disposed at the top or at the 
bottom surfaces of the waveguide, coirfigured to dif&act the light beam 
incident fi-om the light source to the skin contact layer; 

a sensor array, configured to detect light reflected fi-om the interface 
between skin and the skin contact layei^ and 
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wherein the means for compensating includes means for mounting 
one or more of the light soiurce, the lens element or the waveguide, and 
wherein the means for mounting is thermally expandable and is 
configured to adjust the angle of incidence of the lig^t beam onto the 
5 waveguide or the HOE. 

10. The apparatus of Claim 9 wherein the means for mounting one or more of 
the light source, the lens element or the waveguide comprises a rod or bar. 

10 11. The apparatus of Claim 2 wherein the means for compensating includes one 
or more actuators, configured to adjust the angje of incidence of the light 
beam onto the waveguide or the HOE. 

The apparatus of Claim 1 1 wherein fiirtfaer including an optional lens 
element. 

The apparatus of Claim 12 wherein the actuator adjusts the position of one or 
more of the li^t source, the lens element or the waveguide. 

The apparatus of Claim 12 wherein the position of one or more of the light 
source, the lens element or the waveguide is manually controlled by 
measuring intensity of tiie light diifiacted by the HOE and detected by one or 
more of a plurality of pixels of the sensor array. 

The apparatus of Claim 13 wherein the actuator is electronically controlled. 

The apparatus of Claim 1 5 wherein intensity of the light reaching one or 
more of a plurality of pixels of the sensor array is measured to provide a 
signal that is used to control the actuator. 



12. 

15 

13. 

20 14. 

25 15. 
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wherein the HOE includes at least two co-locationally multiplexed 
holograms. 

22. The apparatus of Claim 21 wherein die multiplexed holograms are 
5 configured so that the Bragg matching condition of die multiplexed 

holograms is substantially overlapping. 

23. The apparatus of Claim 21 wherein the multiplexed holograms are planar- 
angle multiplexed and wherein the increment of die recording angle for 

10 multiplexing is less than die width of die angle Bragg matching condition of 

each earlier-recorded multiplexed hologram. 

24. " The aCT*^ 21" wherein the giraffig pOT mur^l^ed' 

hologram are not equal. ' 

15 

25. An apparatus for image acquisition of topological features of the surface of 
skin comprising: 

a waveguide, having an entrance edge and top and bottom sur&ces; 
a light source, configured to direct a lig^t beam at the entrance edge 
20 of the waveguide; 

a skin contact layer, disposed at die top or bottom surface of the 
waveguide; 

a holographic optical element (HOE), disposed at die top or at the 
bottom surfaces of the waveguide, configured to diffiact the light beam 
25 incident firom the light source at the skin contact layer; 

a sensor array, configured to detect light reflected from die interface 
between sldn and the skin contact layer, and 

means for changing the wavelength of the light source. 



30 26, The apparatus of Claim 34 wherein die means for changing die wavelength 
of the light source is a laser diode configured to change the operating 
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wherein the light source is a broad wavelength spectrum light soutce, 
the wavelengths of which can reconstruct the HOE. 

33. The apparatus of Qaim 32 further including a lens element, configured to 
5 direct the light beam from the light source at the entrance edge of the 

waveguide. 

34. The apparatus of Claim 32 wherein the HOE is configured to diffiact the 
light beam in a direction that differs from' the perpendicular to the skin 

10 contact layer by an angle 

35. The apparatus of Qaim 34 wherein the HOE has a diffraction efBciency of 
at least iabbut 50%r ~ ^-^^ - ~ 



15 36. The apparatus of Claim 34 wherein the HOE has a diffraction efBciency of at 
least about 75%. 

37. The apparatus of Claim 34 wherein the HOE has a diffraction efBciency of at 
least about 90%. 

20 

38. The apparatus of Claim 32 wherein the HOE includes at least two 
multiplexed holograms. 

39. The apparatus of Claim 32 wherein the HOE is optimized for s-polarized 
25 incident beam. 

40. The apparatus of Claim 32 \;<4ierein the HOE is optimized for p-polaiized 
incident beam. 

30 41. The apparatus of Claim 32 wherein the HOE is polarization independent 
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The apparatus of Claim 32 wherein the skin contact layer has a refractive 
index that is between about 1.30 and about 1.50. 

The apparatus of Qaim 32 wherein the skin contact layer comprises a 
portion having optical power configured to direct the light reflected from the 
interface between skin and the skin contact layer to the sensor array. 

The apparatus of Claim 53 wherein the portion having optical power is 
curved. 

The apparatus of Claim 53 wherein the portion having optical power is a 
plano-coiuvex lens. 

The apparatus of Claim 32 further including an additional lens element 
attached to the skin contact layer configured to direct the light reflected from 
the interface between skin and the skin contact layer to the sensor array. 

The apparatus of Claim 32 wherein the skin contact layer comprises layer of 
a polymer having a glass transition temperature less than ambient use 
temperature of the device. 

The apparatus of Claim 32 wherein the skin contact layer is coated with a 
layer of polymer having a glass transition temperature less than ambient use 
temperature of tiie device. 

The apparatus of Claim 32 wherein the skin contact layer comprises a glass 
material having refiractive index between about 1.45 and 1.50. 

The apparatus of Qaim 32 wherein the skin contact layer comprises a top 
surface having surface energy of less than about 30 mJ/m^. 
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The apparatus of Claim 69 wherein the dielectric layer includes derivatives 
of silicone or siloxane. 

The apparatus of Claim 32 wherein the sensor array has a resolution of at 
least 1 100 pixels per inch in the acquired image. 

The apparatus of Claim 32 wherein the sensor array is a CCD or CMOS 
imagers. 

A method of acquiring an image of the topology of the surface of skin, 
comprising: 

receiving a surface of skin by a device for image acquisition of the 
topological features of the surface of skin wherein said device includes a 
holographic optical element (HOE) having a Bragg matching condition; 

directing a light beam at the HOE, thereby diffracting the light beam; 

directing the diffracted light beam at tibe interface between skin and 
the skin contact layer, thereby reflecting the light beam; 

compensating for temperature-induced changes in the Bragg 
matching condition of the HOE; and 

detecting the reflected light, thereby acquiring the image of the 
topological features of the surface of skin by said device. 

The method of Claim 73 wherein compensating for temperature-induced 
changes in the Bragg matching condition of the HOE includes controlling the 
temperature of the HOE. 

The method of Claim 73 wherein the HOE includes a diffraction grating 
having at least one dimension that is greater than the cross-section of Ae 
light beam, and 

wherein the light beam is directed at the HOE at an angle that is less 
than about 90° with respect to the plane of the HOE, said HOE diffracting 
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mounting means to be themially expandable and configuring the selected 
means to adjusts the angle of incidence of the light beam onto the HOE. 

80. The method of Claim 79 wherein the means for mounting the light source is 
5 a themially e}q>andable rod or bar. 

8 1 . The method of Claim 79 wherein the image acquisition device fiir^er 
includes a controllable actuator, configured to adjust an angle of incidence of 
tiie light beam onto the HOE. 

10 

82. The method of Claim 76 wherein the position of one or more of the lig^t 
i source^; the lens element or the w^ 



measuring 

one or more of a plurality of pixels of the sensor array. 

15 

83. The method of Claim 76 wherein the device further includes at least one 
additional sensor, and 

further wherein the position of one or more of Hie light source, the 
lens element or the waveguide is manually controlled by measuring the 
20 intensity of the light diffracted by the HOE and detected by the at least one 

additional sensor. 

84. The method of Claim 81 wherein compensating for the temperature-induced 
changes in the Bragg matching condition of the HOE includes controlling the 

25 actuator by an electrical signal. 

85. The method of Claim 84 wherein the device further includes at least one 
additional sensor, and 

wherein controlling ihe actuator includes measuring intensity of the 
30 light reaching the sensor array or at least additional sensor, thereby providing 

the electrical signal. 
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The method of Claim 78 wherein ihe light source is a laser diode, and 

wherein compensating for temperature-induced changes in the Bragg 
matching condition of tiie HOE includes configuring the laser diode to 
change the operating wavelength in response to temperature. 

The method of Claim 76 wherein compensating for temperature-induced 
changes in the Bragg matching condition of the HOE includes configuring 
&e light source to produce a broad wavelengfli spectrum lig^t 

The method of Claim 76 further including selecting the HOE that difiSraicts 
the light beam in a direction that differs firom the perpendicular to the skin 
contact layer by an angle that exceeds the angular width of the Bragg ang^e 
selectivity of the main hologram. 

The method of Claim 76 further including selecting the HOE that includes at 
least two multiplexed holograms. 

The method of Claim 94 further including selecting the HOE so that each of 
the multiplexed holograms has a difi&action efficiency of at least about 50%. 

The method of Claim 94 fiirttier including selecting the HOE so that each of 
the multiplexed holograms has a diffraction efficiency of at least about 75%. 

The method of Claim 94 furtiier including selecting tiie HOE so that each of 
the multiplexed holograms has a diffraction efficiency of at least about 90%. 

The method of Claim 73 further including selecting the HOE that is 
optimized for s-polarized light 

The method of Claim 73 further including selecting the HOE that is 
optimized for p-polarized light. 
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light reflected from the interface between skin and the contact layer at the 
sensor array. 

110. The method of Claim 76 wherein tibie skin contact layer comprises layer of a 

5 polymer having a glass transition temperature less than ambient use 

temperature of flie device. 

111. The method of Claim 76 wherein the skin contact layer is coated with a 
layer of polymer having a glass transition temperature less than ambient use 

10 temperature of the device. 

112. The method of Claim 76 wherein the skin contact layer comprises a gla^ 
material having fefiM 1.45 ihd 1.50. " 

15- 113. The method of Claim 76 wherein the skin contact layer comprises a t«>p. . 
surface having surface energy of less than about 30 mJ/m^ 

1 14. The method of Claim 76 furflier including at least one of a Va wave ptote 
and a linear polarizer disposed between the skin contact layer and the sensor 

20 array. 

115. The method of Claim 1 14 wherein the Ya wave plate is disposed between 
the HOE and the skin contact layer and the hnear polarizer is disposed 
between the waveguide and the sensor array. 



25 



1 1 6. The mefliod of Claim 76 wherein the light source wavelength that is in a 
range from about 400 nm to about 1000 mn. 



30 



117. 



The method of Claim 116 wherein the light source wavelength is in a range 
from about 400 iun to about 535 nm. 
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Vincent Fedele 

P.O. Box 061 
Harvard, MA 01451-0061 

U.S.A. 



27 July, 2006 

Beyer Weaver & Thomas, LLP 
500 12* Street 
Suite 200 

Oakland, CA 94607 

Subj: Docket No. 3174.1012-013 



Dear Mr. Egan: 

I am in receipt of your letter of 20 July, 2006 regarding the above-mentioned docket. 

As you may be aware, I left Aprilis, Inc. on February 03, 2005. One-month prior on or 
about January 3'^ I was provided with assignment and declaration documents by David 
Waldman for Docket No. 3174.1012-013, and took them immediately to Citizens Bank in 
Maynard, whose offices are on Nason Street, just outside of the Aprilis location. The 
documents were signed and notarized, and returned to David Waldman by hand in time to 
meet the mailing date for this application. 

During several conversations with various officers of Aprilis during the week after my 
departure in February, Aprilis and Mr. Julio Vega, Counsel for Aprilis, confirmed that all 
assignments and declarations had been properly executed and received by the Company. 

Any pertinent prior art, which I may have been aware of during the period I was 
employed by Aprilis, was disclosed at the time, and I am not aware of any other prior art 
for 3174.1012-013 since January of 2005. 

« 

An email message from Mr. Waldman in April or May of this year referred to several 
changes and or challenges made by the patent officer reviewing the file(s) that would 
require changes to one or both of the applications pending review. References to an other 
patent may also have been included, Docket No. 3174.1013-14. Neither patent 
application was provided, however, only assignment and declaration pages in Mr. 
Waldman's email message. 

Since the assignment and or declaration documents, as well as your letter include 
statements that indicate I must read, review and understand the contents of the 
application(s), and since it has been several years since I have worked on these 
inventions, 1 will require at least a day or two to review them, and possibly some time 



over the phone with Mr. Waldman. Please clarify if Docket No. 3174.1013-14 is also in 
need of assignment, declaration and requisite review, as it was not included in your 
package, but was mentioned in Mr. Waldman's email. 

I am happy to provide such review(s), time permitting, as a consultant to the Company, 
and in accordance with my agreement with the Company which included a provision for 
compensation for such tasks. I estimate approximately one day, at a minimxmi, will be 
required to review the patent application you sent which appears to include more than one 
hundred claims and some seventy-five pages of text, figures and related documents. 

I am planning travel and vacation during the next 2-3 weeks, if I do not hear back from 
you by August 8^**, I will return the document package to your offices. 

Regards, 



Vincent Fedeie 



5. Inventions: Assignment . 



(d) At the request of the Company, the Signatory will assist the 
Company in every proper way (including, without limitation, by 
executing patent applications) to obtain and enforce in any country 
in the world Proprietary Rights relating to any or all Assigned 
Inventions. The Signatory's obligation under this Section 5(d) shall 
continue after the termination of the Signatory's association with the 
Company as an employee, consultant, officer or director. If and to 
the extent that, at any time after the termination of the Sipnatorv's 
association with the Company as an employee, consultant, officer 
and/or director, the Company requests assistance from the Signatory 
with respect to obtaining and enforcing in any country in the world 
any Proprietary Rights relating to Assigned Inventions, the 
Company shall compensate the Signatory at a reasonable rate for 
the time actually spent by the Signatory on such assistance . 



Beyer WEAVER& Thomas, hp 



INTELLECTUAL PROPERTY LAW 



500 12'** Street, Suite 200, Oakland, CA 94607 
Telephone: (510) 663-1 100 Facsimile: (510) 663-0920 
www.beyerlaw.com 



July 20, 2006 



VIA CERTIFIED MAIL. RETURN RECEIPT REQUESTED 



Mr. Vincent Fedele 
P.O. Box 061 
Harvard, MA 01451 

Re: U.S. Patent Application Entitled: ''Acquisition Of High Resolution Biometric Images'' 
Inventors: David A. Waldman, et al. 
Filing Date: December 20, 2005 
Our File: VISGPOOl 

Dear Mr. Fedele: 

We represent Aprilis, Inc. 

Enclosed is a copy of the above-identified patent application as filed with the U.S. Patent 
and Trademark Office. You may recall that the application was filed without having you sign 
the necessary documents (declaration and assignment forms) which should to be filed with the 
U.S. Patent and Trademark Office by August 22, 2006 in order to avoid abandonment of the 
application. 

Accordingly, we are enclosing two documents (i) a Declaration (ii) an Assignment of 
rights to Aprilis, Inc. Before executing these documents, please ensure that you have reviewed 
and understand the contents of the patent application. Then, read, sign and date each of the 
enclosed documents adjacent to where your name appears, and retum them to our office, in the 
enclosed, self-addressed stamped envelope, by August 18, 2006, so that we may file them with 
the U.S. Patent and Trademark Office. Also, please note that your signature on the Assignment 
should be notarized. 

Finally, we would again like to remind you of our duty to disclose the most pertinent 
prior art of which you are aware to the Patent and Trademark Office. If you can think of any 
pertinent references or patents, or any similar existing technology, please let us know. The duty 
to disclose prior art continues until the patent actually issues. As such, if you become aware of 
other prior art in the fixture, please let us know. 

If you have any questions, please call. 




/ER & THOMAS, LLP 




Enclosures 
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27 July, 2006 

Beyer Weaver & Thomas, LLP 
500 12*'' Street 
Suite 200 

Oakland, CA 94607 

Subj: Docket No. 3174.1012-013 



Dear Mr. Egan: 

I am in receipt of your letter of 20 July, 2006 regarding the above-mentioned docket. 

As you may be aware, I left Aprilis, Inc. on February 03, 2005. One-month prior on or 
about January 3'^ I was provided with assignment and declaration documents by David 
Waldman for Docket No. 3174.1012-013, and took them immediately to Citizens Bank in 
Maynard, whose offices are on Nason Street, just outside of the Aprilis location. The 
documents were signed and notarized, and retumed to David Waldman by hand in time to 
meet the mailing date for this application. 

During several conversations with various officers of Aprilis during the week after my 
departure in February, Aprilis and Mr. Julio Vega, Counsel for Aprilis, confirmed that all 
assignments and declarations had been properly executed and received by the Company. 

Any pertinent prior art, which I may have been aware of during the period I was 
employed by Aprilis, was disclosed at the time, and I am not aware of any other prior art 
for 3174.1012-013 since January of 2005. 

• 

An email message from Mr. Waldman in April or May of this year referred to several 
changes and or challenges made by the patent officer reviewing the file(s) that would 
require changes to one or both of the applications pending review. References to an other 
patent may also have been included, Docket No. 3174.1013-14. Neither patent 
application was provided, however, only assignment and declaration pages in Mr. 
Waldman's email message. 

Since the assignment and or declaration documents, as well as your letter include 
statements that indicate I must read, review and understand the contents of the 
application(s), and since it has been several years since I have worked on these 
inventions, I will require at least a day or two to review them, and possibly some time 



over the phone with Mr. Waldman. Please clarify if Docket No. 3174.1013-14 is also in 
need of assignment, declaration and requisite review, as it was not included in your 
package, but was mentioned in Mr. Waldman' s email. 

I am happy to provide such review(s), time permitting, as a consultant to the Company, 
and in accordance with my agreement with the Company which included a provision for 
compensation for such tasks. I estimate approximately one day, at a minimum, will be 
required to review the patent application you sent which appears to include more than one 
hundred claims and some seventy-five pages of text, figures and related documents. 

I am planning travel and vacation during the next 2-3 weeks, if I do not hear back from 
you by August I will return the document package to your offices. 

Regards, 



Vincent Fedele 



5. Inventions: Assignment . 

(d) At the request of the Company, the Signatory will assist the 
Company in every proper way (including, without limitation, by 
executing patent applications) to obtain and enforce in any country 
in the world Proprietary Rights relating to any or all Assigned 
Inventions. The Signatory's obligation under this Section 5(d) shall 
continue after the termination of the Signatory's association with the 
Company as an employee, consultant, officer or director. If and to 
the extent that, at any time after the termination of the Signatorv's 
association with the Company as an employee, consultant, officer 
and/or director, the Company requests assistance from the Signatory 
with respect to obtaining and enforcing in any country in the world 
any Proprietary Rights relating to Assigned Inventions, the 
Company shall compensate the Signatory at a reasonable rate for 
the time actually spent by the Signatory on such assistance . 
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nnCKETNO. 3174.1012-013 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Declaration for Patent Application 
[ ] Supplemental (37 C.F.R. §1.67) 
As a named inventor, I hereby declare that: 

My residence, mailing address and citizenship are as stated next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed) or an original, first and joint 
inventor (if plural names are listed in the signatory page(s) commencing at page 2 hereof) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

ACQUTSTTTQN OF fflGH RESOLUTION BIOMETR IC IMAGES , 

the specification of which (check one) 
[ j is attached hereto. 

[] was filed on [ ] as United States Application Number [ ]. 

[X ] was filed on June 21, 2004 as PCT Interaational Application No. PCT/US2004/019917 and assigned United 
States Application No. 10/561,646. 

[ ] and was amended on [ ] (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 C.F.R. 
51 56 including for continuation-in-part applications, material information which became available between the 
filing date of the prior application and the national or PCT international filing date of the contmuation-m-part 
application. 

I hereby expressly authorize the filing of an International Patent Application under the Patent Cooperation 
Treaty which corresponds to. and claims the priority of the above-identified application. 

1 hereby claim foreign priority benefits under 35 U.S.C. 1 19 or 365 of any foreign application(s) for patent 
or inventors certificate, or of any PCT international application which designated at least one country other than the 
United States of America, listed below and have also identified below, by checkmg Ae box, any foreigi application 
for patent or inventor's certificate, or of any PCT international application having a fihng date before that of the 
application on which priority is claimed: 

Prior Foreign Anplicationf si Priority Certified 

— Not Copy Filed? 

Claimed YES NO 

[ ] [ ] [ ] 



(Number) 


(Country) 


(Day/MonthA^ear filed) 


(Number) 


(Country) 


(Day/MonthA'ear filed) 


(Number) 


(Country) 


(Day/MonthA'ear filed) 



I ] [ ] [ ] 
[ 1 [ ] [ ] 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the knowledge 
that willfixl false statements and the like so made are punishable by fme or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of sole 
or first inventor 


David A. Waldman 






Inventor's Signature 
Residence: City 












State 


Country 


Citizenship 


Concord 




MA 


USA 


USA 1 


Mailing Address (Business or Residential) 
Street or P.O. Box 3 1 Mitchell Road 


City 




State 


ZIP 


Country 


Concord 




MA 


01742 


1 USA 1 




Full name of second 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Vincent Fedele 
















State 


Country 


Citizenship 


Harvard 




MA 


USA 


1 USA 1 


Mailing Address (Business or Residential) 
StTAAtnrPn Roy P.O. Box061 


City 




State 


ZIP 


Country 


1 Harvard 


MA 


1 01451 


1 USA 1 




Full name of third 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Richard T. Ingwall 
















State 


Country 


Citizenship 


Newton 


MA 


USA 


1 USA 1 


Mailing Address (Business or Residential) 
^itTftftt nr P O Box 1 1 5 Dartmouth Street 


City 




State 


ZIP 


Country 


Newton 




MA 


02465 


USA 1 




Full name of fourth 
joint inventor, if any 

Inventor's Signature 

Residence: City 


Daniel H. Raguin 
















State 


Country 


Citizenship 


Acton 




MA 


T USA 


1 USA 1 


Mailing Address (Business or Residential) 
5;rreet or P.O. Box 234 Newtown Road 


City 




State . 


ZIP 


Country 


1 Acton 




MA 


01720 


USA 



Full name of fifth 

joint inventor, if any John S. Berg 



Inventor's Signature 



Residence: City State 


Country 


Citizenship 


1 Franklin MA 


USA 


USA 


Mailing Address (Business or Residoitial) 
Street or P.O. Box 58 Jeflferson Road 


City State 


ZIP 


Country 


1 Franklin MA 


02038-3360 


USA 



Full name of sixth 

joint inventor, if any Joby Joseph 



Residence: City State 


Country 


Citizenship 


1 New Delhi 


India 


] India 1 


Mailing Address (Business or Residential) 

Street or P.O. Box 34 Vaishali Apt., I.l.T. Delhi 


City State 


ZIP 


Country 


New Delhi 


110016 


India I 



Full name of seventh 






ioint inventor, if anv David L, Kent 






Inventor's Signature 


Residence: City State 


Country 


Citizenship 


1 Framinpham MA 


USA 


1 USA 1 


Mailing Address (Business or Residential) 






Street or P.O. Box 1 0 Frost Street 






City State 


ZIP 


Country 


1 Framineham MA 


1 01701 


1 USA 1 
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Docket No. 3174.1012-013 



Joint 

ASSIGNMENT 

WHEREAS, we, David A. Waldman, Vincent Fedele, Richard T. Ingwall, Daniel H. 
Raguin, John S. Berg, Joby Joseph and David L. Kent, have invented a certain improvement 
in ACQUISITION OF HIGH RESOLUTION BIOMETRIC IMAGES described m an 
application for Patent, 

[ ] the specification of which is about to be filed in the United States Patent Office 
(use for utility (37 CFR § L53(b)) and design filings only); 

[] is about to be filed in the United States Patent Office as a Provisional AppUcation; 

[ ] the specification of which is United States Application No. [ J, filed [ J; 

[ X ] the specification of which is a Patent Cooperation Treaty Application, 

International Application No. PCT/US2004/019917, filed June 21, 2004, which 
designates the United States of America and assigned United States Application 
No. 10/561,646; 

[ ] which was patented under United States Patent No. [ J. 

WHEREAS, Aprilis, Inc. (hereinafter "ASSIGNEE"), a corporation organized and 
existing under the laws of the State of Delaware, and having a usual place of business at 
5 Clock Tower Place, Suite 200, Maynard, Massachusetts 01754 desires to acquire an interest 
therein in accordance with agreements duly entered into with us; 

NOW, THEREFORE, to all whom it may concern be it known that for and in 
consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, we have sold, assigned and transferred and by these presents do 
hereby sell, assign and transfer unto said ASSIGNEE, its successors, assigns and legal 
representatives, the entire right, title and interest in and throughout the United States of America, 
its territories and all foreign countries, in and to said invention as described in said application, 
together with the entire right, title and interest in and to said application and such Letters Patent 
as may issue on said invention; said invention, application and Letters Patent to be held and 
enjoyed by said ASSIGNEE for its own use and behalf and for its successors, assigns and legal 
representatives, to the fiiU end of the term for which said Letters Patent may be granted as fiilly 
and entirely as the same woidd have been held by us had this assigimient and sale not been made; 
we hereby convey all rights arising xmder or pursuant to any and all international agreements, 
treaties or laws relating to the protection of industrial property by filing any such applications for 
Letters Patent. We hereby acknowledge that this assignment, being of the entire right, title and 
interest in and to said invention, carries with it the right in ASSIGNEE to apply for and obtain 
fi-om competent authorities in all countries of the world any and all Letters Patent by attomeys 
and agents of ASSIGNEE'S selection and the right to procure the grant of all such Letters Patent 
to ASSIGNEE for its own name as assignee of the entire right, title and interest therein; I hereby 
expressly authorize the filing of an International Patent Application under the Patent Cooperation 
Treaty which conesponds to and claims the priority of the above-identified application; 
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AND, we hereby further agree for ourselves and our executors and administrators to 
execute upon request any other lawful documents and likewise to perform any other lawfiil acts 
which may be deemed necessary to secure fully the aforesaid invention to said ASSIG>IEE, its 
successors, assigns and legal representatives, but at its or their expense and charges, including the 
execution of applications for patents in foreign countries, and the execution of any future 
applications including substitution, reissue, divisional or continuation applications, and 
preliminary or other statements and tiie giving of testimony in any interference or other 
proceeding in which said invention or any application or patent (Urected thereto may be involved; 

AND, we do hereby authorize and request each Patent Office and the Commissioner of 
Patents of the United States to issue such Letters Patent as shall be granted upon said invention to 
said ASSIGNEE, its successors, assigns, and legal representatives. 



IN TESTIMONY WHEREOF, we have hereunto set our hands and affixed our seals the 
date set forth below. 



Inventor^s Signature: ' ■ " 

David A. Waldman 

State/Commonwealth 

of 



County of 



On this day of , 2 0 before me, the imdersigned 

notary public, personally appeared David A. Waldman, 

[ I personally known to me, or 

j — I proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / / 
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Inventor's Signature: 

Vincent Fedele 

State/Commonwealth 



of 



County of 



On this day of , 2 0 before me, the undersigned 

notary public, personally appeared Vincent Fedele, . 

I I personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / - / 

Inventor's Signature: 

Richard T. Ingwall 

State/Commonwealth 



of 



County of 



On this day of , 20 , before me, the undersigned 

notary public, personally appeared Richard T. Ingwall, 

[ I personally known to me, or 

I — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Pubhc 

(print name) 

My Commission expires / / 
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Inventor's Signature: 

Daniel EL Raguin 

State/Commonwealth 

of : 

County of . 

On this day of , 20 before me, the undersigned 

notary public, personally appeared Daniel H. Raguin, 

■ f> 

□ personally known to 
me, or 




proved to me through satisfactory evidence of identification, which was 



to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 



My Commission expires / / 
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Inventor's Signature: John S. Berg 

State/Commonwealth 

of 

County of 



On this day of , 20_ , before me, the undersigned 

notary public, personally appeared John S. Berg, 

[ I personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) • Notary Public 

(print name) 



My Commission expires / / 
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Inventor's Signature: 

Joby Joseph 

State/Conunonwealth 



of 



County of 



On this day of 20 before me, the undersigned 

notary public, personally appeared Joby Joseph, 

I I personally known to me, or 

j — j proved to me through satisfactory evidence of identification, which was 

to be the person whose name was signed on the foregoing instrument in my presence, and 
acknowledged that he/she signed the foregoing instrument as his/her free act and deed. 

(SEAL) Notary Public 

(print name) 

My Commission expires / 7 
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(57) Abstract: An apparatus for image acquisition of topological features of the surface of skin. The apparatus comprises a wave- 
O guide, having an entrance edge and top and bt)ttom surfaces; a light source, configured to direct a light beam at the entrance edge 
^ of the waveguide; a skin contact layer, dispi>sed at or near the top surface of the waveguides; a holographic optical element (HOE), 
Q disposed at the top or at the bottom surfaces of the waveguide, configured to diffract the light beam incident from the light source to 
^ the skin contact layer, a sensor array, configured to detect light refiectcd from the surface of skin in contact with skin contact layer; 
^ and means for compensating for changes in the Bragg matching condition of the HOE due to temperature. 
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ACQUISITION OF HIGH RESOLUTION BIOMETRIC IMAGES 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 
5 60/480,008, filed on June 21, 2003, U.S. Provisional AppHcation No. 60/519,792, 
filed on November 13, 2003 and U.S. Provisional Application No. 60/523,068, filed 
on November 1 1, 2003. This application is related to the PCT Application entitled 
"Metiiod and Apparatus for Processing Biometric Images" filed concuirenfly 
herewith on June 21, 20i64 under the attorney docket number 3174.1012-006. The 
10 entire teachings of the above applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Growing concerns regarding domestic security have created a critical need to 
positively identify individuals as legitimate holders of credit cards, driver's licenses, 
passports and other forms of identification. The ideal identification process is 
1 5 reliable, fast, and relatively inexpensive. It should be based on modem high-speed 
electronic devices that can be networked to enable fast and effective sharing of 
information. It should also be compact, portable, and robust for convenient use in a 
variety of environments, including airport security stations, customs and border 
crossings, police vehicles, home and ofiBce computing and entrance control sites of 
20 secure buildings. 

A well established method for identification is to compare a fingeiprint with 
a previously obtained authentic fingerprint of the individual. Fingeiprints have 
traditionally been collected by rolling an inked finger on a white paper. Since this 
traditional process clearly fails to meet the criteria listed above, numerous attempfe 
25 have been made to adapt an electronically imaged fingerprint method to address new 
security demands. These modem proposals all use, as a key component, a solid-state 
device such as a capacitive or optical sensor to capture the fingeiprint image in a 
digital format. By using a new type of solid-state imager as part of a fingeiprint 
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with a few minutiae points can positively identify an individual reliably. 

Most optical designs proposed for creating fingerprint images suffer 
important limitations that reduce tiieir usefulness in leal life applications. Many 
designs are not suitable, for example, to resolve pore patterns or fine detail of the 
5 contour of the intersection of ridges and valleys in the fingerprint. Other designs 
produce distorted images that complicate fingerprint correlation, and still other 
designs are too bulky or delicate for convenient use in the field. 

One optical design that reduces the overall size of the device uses holograms 
to dififract light in a desired direction. A common Umitation of such devices is 
10 sensitivity of the intensity of illumination of the target topological surface to 

variation in temperature with respect to angle and wavelength of the incident Ught. 

— Accordingly^ there is a need for a compact, high resolution^ device that- 

reliably operates over a broad range of temperature. 

SUMMARY OF THE INVENTION 

1 S The present invention relates to an apparatus and method of acquisition of an 

image of any surface topology present on skin, which, by way of example, can be a 
rolled and/or slap fingerprint, palm print, etc. and hereinafter for convenience will be 
referred to as a fingerprint. 

In one embodiment, the present invention is an apparatus for fingerprint 

20 image acquisition, comprising a waveguide, having an entrance edge and top and 
bottom; a light source, configured to direct a light beam at the entrance edge of the 
waveguide; a skin contact layer, disposed at or near the top surfece of the waveguide 
or bottom surface of the waveguide; a holographic optical element (HOE), disposed 
at the top or at the bottom surfaces of the waveguide, configured to dif&act the light 

25 beam incident from the light source to the skin contact layer; a sensor array, 

configured to detect light reflected firom the interface between skin and the skin 
contact layer. The HOE includes a layer comprising a grating and at least one 
supporting layer in contact with the said grating layer, wherein the grating layer and 
the at least one supporting layer have substantially similar coefficients of fliermal 

30 expansion or thermo-optic coefficients or both. * 



wo 2005/001753 PCT/US2004/019917 



light beam at the entrance edge of the waveguide; a skin contact layer, disposed at 
the top surface of the waveguide; a holographic optical element (HOE), disposed at 
the top or at the bottom surfaces of the waveguide, configured to diffract the light 
beam at the skin contact layer and having a Bragg matching condition; a sensor 
5 array, configured to detect light reflected firom the interface between skin and the 
skin contact layer, and means for compensating for changes in the Bragg matching 
condition of the HOE due to changes in temperature. The light source is a broad 
wavelength spectram light source, the wavelengths of which can reconstmct the 
HOE. 

10 In one embodiment, the present invention is a method of acquiring an image 

of the topology of the surface of skin, comprising receiving a surface of skin by a 
device for image acquisition of the topological features of the surface of skin 
wherein said device includes a holographic optical element (HOE) having a Bragg 
matching condition; directing a light beam at the HOE, thereby diffracting the light 

1 5 beam; directing the dilBfracted light beam at the interface between skin and the skin 
contact layer, thereby reflecting the light beam; compensating for temperature- 
induced changes in the Bragg matching condition of the HOE; and detecting the 
reflected light, thereby acquiring the image of the topological features of the surface 
of skin by said device. 

20 It should be understood that the example embodiments described above, 

include a corresponding method or apparatus embodiments. 

The device of the present invention is preferably compact, possesses a broad 
operating temperature range and advantageously allows the acquisition of images 
that capture pore structural features and fine detail features of the contour of the 

25 ridge stracture in addition to standard minutiae structures. We have shown that the 
use of pores combined with the use of the fine detail of the ridge contour and the 
usual minutiae significantly increases the reliability of fingerprint comparisons, and 
substantially reduces the false accept rate, as well as providing positive 
identification with use of fingerprint sample areas as small as 0.1 x 0.1 inches. 

30 Various example embodiments of the instrument used to acquire images of 

biometrics are described herein. The embodiments may also include altemative 
embodiments of the instrument and various embodiments of acquiring, modeling. 
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DETAILED DESCRIPllON OF THE INVENTION 

A description of preferred embodiments of the invention for a fingerprint 
biometric follows. It should be understood that the principles of the present 
invention and example preferred embodiments of the methods and apparatus 
5 described below may be applied to other biometrics, including: ear shape and 
stmcture, facial or hand thermograms, iris or retina structure, handwriting, 
fingerprints, palm prints, foot prints, toe prints, or prints of other areas of the skin, 
including hair. 

I . FIG. 1 is a system diagram in which an embodiment of a fingerprint sensor 

1 0 according to the principles of the present invention is employed. The fingerprint 
sensor 100 includes a fingerprint imager 110 and fingerprint camera 120. The 
imager 110 and camera 120 may be mechanically, electrically, and optically 
comected in a single "box." A finger 105 or other topological surface of skin is 
placed on the fingerprint imager 1 10 at a "viewable" location by the imager 1 10 for 
1 5 acquisition of a fingerprint or information of other topological surfaces of skin 1 15 
by the camera 120 and for modeling of the fingerprint 1 1 5 by processing as 
described in co-pending PCT application with attorney docket number 3 174. 1012- 
006 filed concurrently herewith on June 21, 2004. 

Continuing to refer to FIG. 1, the fingerprint camera 120 includes an 
20 interface to communicate bidirectionally with a local computer 1 30 via a control 

channel/data link 125. The fingerprint camera 120 sends image data 160 to the local 
computer 130, and the local computer 130 may send control data 165 or other 
information, including image data 125, to the fingerprint camera 120 or imager 1 10 
via the link 125. 

25 The local computer 130 includes a variety of processing capabilities, such as 

modeling, authentication, and authorization that are applied to the image data 160. 
The local computer 130 is in communication with a local database 135 via a local 
link 132. Image data and associated model(s) 170, collectively, are communicated 
between the local computer 130 and local database 135 via the local link 132. Other 

30 data, such as administrative data, may also be communicated over the local link 132 
for storage in the local database 135 for later retrieval. 
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that are available with fully proportional-integral-derivative feedback for closed loop 
control (second wavelength adsorber within HOE). 

FIG. 2 is a hierarchical diagram of the fingerprint sensor 100. The 
fingerprint sensor 100, as discussed in reference to FIG. 1, includes a fingerprint 
5 imager 1 10 and fingerprint camera 120. Each will be discussed in turn. 

The fingerprint imager 1 10 includes a light source 205, optics 210, and, 
optionally, active control circuits/element(s) 225. The li^t source 205 may be a 
coherent light source, such as a laser diode, which works efficiently with a HOE, or 
may be a non-coherent light source. The optics 210 includes optical elements 250, 

10 which are non-HOE's such as a slab waveguide, waveplate, polarizer, and lens(es), 
and at least one HOE, labeled 255 in FIG. 2, which includes a hologram. 

The optional active control circuit/element{s) 225 may include an angle 
controller 230 and actuator 235. The actuator may be Direct Ciirrent (DC) motor, 
stepper motor, piezo-electric actuator, or other electro-mechanical device capable 

15 and adaptable for use in moving the light source 205 to positions and/or at angles 
fine enough for use in the fingerprint sensor 100. A wavelength controller 240 may 
also be employed in the imager 110, where the wavelength controller 240 may be 
used to change the wavelength of the light source 205, which, in turn, can 
compensate for temi>erature-induced changes in the angle for the Bragg matching 

20 condition of the HOE. A power controller 245 may also be employed by the imager 
110 to control the output power and/or wavelength of the light source 205 for 
controlling exposure levels of the fingerprint 115. 

The fingerprint camera 120 includes a sensor array 215 and electronics 220. 
The sensor array 215 may be a Charge Coupled Device (CCD) or Complimentary 

25 Metal Oxide Semiconductor (CMOS) and have a plurality of pixels arranged in a 
rectangular, or square pattern or other suitable pattern, providing a resolution fine 
enough for use in the fingerprint sensor 100. The electronics 220 are coupled to the 
sensor array 21 5 for receiving pixel data for processing. The electronics may 
include, by way of example, a processor, memory, A/D conversion, circuitry for 

30 variable shutter and/or integration time, and sensor data communications interface. 

/ 

/ 
/ 
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difference in actual signal level and a desired signal level corresponding to imaging 
performance. 

For example, in the case of the fingerprint sensor 100, the feedback signal 
395 may represent an angular error (i.e. mismatch from the Bragg matching 
5 condition of the HOE for light of a particular wavelength incident to the HOE) of the 
light beam emitting from the light source 205 and projecting onto the topological 
sur&ce of the fingerprint, which may be caused by temperature effects on the optics 
210. The camera logic 330 or microprocessor 335 may determine the feedback 
signal 395 based on the image data from the sensor array 215. The image data 

10 provided by the sensor array 215, for the purposes of feedback control, may include 
intensity data from a specific pixel in the sensor array, or data from a grouping of 
pixels in the sensor array or any combination thereof^ or said image data used for 
feedback control may originate from at least one separate and independent sensor 
386, providing signal 387 to camera electronics 220 for feedback control, that may 

15 comprise a plurality of sensors. The sensor array 215 may contain an additional 

light sensitive area 380, separate from the array of imaging pixels in the sensor array 
215 and comprising one or more pixel, which may provide a signal 385 to the 
camera electronics 220 for the purposes of feedback control. 

The camera electronics 220 may also provide a control signal 325 to the . 

20 sensor array 21 5 for use during imaging of the fingerprint features or other 

topological features of the skin surface. The camera electronics may further include 
system memory 345 for storing image data following acquisition. The system 
memory 345 may also provide support for storing image data or partial image data 
during processing of the fingerprint image. The camera electronics 220 may fiirther 

25 include microprocessor memory 355 for supporting the microprocessor 335. The 
microprocessor 335 and associated memory 355 may be used, for example, for 
processing the image data or calculating the feedback parameters in order to 
determine feedback signals 391, 392 or 395 or combinations thereof. Further, the 
camera electronics 220 may also include an interface circuit 360 for communicating 

30 with the local computer 130 via the conmiiuiications link for transferring the image 
data 125 and fingerprint sensor control information 165 (see FIG. 1). The interface 
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curved surface may be a cone, and a subject whose pahn print is taken places his or 
her palm wrapped around tiie outer surface of the cone. In another embodiment, the 
waveguide is a cone having an inner surface accessible and a subject placing his or 
her finger in contact with such inner surface. Accordingly, as used herein, the term 
5 **top waveguide surface" generally refers to the skm-proximal surface of the 

waveguide, i.e. the surface in contact with skin. As used herein, the term "bottom 
waveguide surface" refers to the sensor array-proximal surface of the waveguide, i.e. 
the surface opposite to the skin proximal surface! 

Use of holographic optical elements (HOE) that comprise a photopolymer 
10 recording media attached to at least one support layer allows for a compact design 
without sacrificing resolution. However, certain important characteristics of the 
holographic optical element are very temperature sensitive. For transmission 
holograms, such as illustrated in FIG. 5, the firaction of light diffracted by the 
hologram depends both on the wavelength of the light, and its angle of incidence 6 
15 at the interface between HOE 410 and waveguide 405. Adequate diffraction 

efficiency occurs only in narrow wavelength and angular ranges that are determined 
by the angles of the recording conditions for the HOE, the thickness of the hologram 
medium, and the wavelength of the light used for recording the HOE (collectively 
determine so called Bragg selectivity or Bragg matching condition), and the 
20 wavelength of the light used to reconstruct the HOE. Without appropriate 

adjustments to the wavelength or incident angle, temperature changes of only a few 
degrees will significantly reduce or even eliminate holographic diffraction of a 
single hologram due to the effect of temperature on the refi:active index of the 
hologram, the grating spacing and the grating angle. 
25 Referring to FIG. 5, the intensity of diffracted light at temperature T = Ti has 

a peak at an incident angle Gi to the HOE for a specific wavelengfli Xj. As 
temperature changes firom T = Tj to T = T2 to T = T3, the peak of intensity of 
diffracted light at a fixed location along the z-axis shifts firom an incident angle 9i to 
an incident angle of 62 to an incident angle G3, for a fixed incident wavelength A.i. 
30 As a result, intensity of light diffracted to a fixed location zq along the z-axis 

decreases, thus significantly degrading the signal-to-noise (SNR) ratio. Similarly as 
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of beam 207 changes from ai to at entrance edge 604 when T changes from T=Ti 
toT=T2. It may be sho\ra that the following relatioiiship for holds trae: 

a^-a^^^EMlzfM^^T. (1) 

where Ar= Tr-Tu and CTEd and CTEi are the coefficients of themial expansion for 
5 the light source (e.g., laser diode) mount and for the lens mount, respectively. 

It is understood that a material that expands as temperature increases 
preferably also contracts as temperature decreases or vica versa. Thus, as used 
herein, the term '•thermally expandable" means changing volume or length with 
temperature. 

10 Alternate embodiments of this general concept include, but are not limited to, 

- traiMJ atiiigithe,l en g e1^ 

plane, and/or moving and tilting a light source 205 provided that light source 205 
outputs a coUimated beam. In this latter embodiment, lens element 602 is integrated 
into the light source 205. TTiese motions can all be achieved automatically via 

15 temperature induced changes in the dimensions of the structural elements that form 
the mechanical mounts for these optical components. These motions can be 
performed in any combination and those skilled in the art will be able to choose, 
proper materials and dimensions for said mechanical mounts. 

Referring back to FIG. 3 and to FIG. 6C and the inset, the fingerprint 

20 apparatus of this invention further comprises an electronically controlled actuator 

390, such as a motor, that can be used to adjust the angle of incidence a by changing 
the vertical position of the lens element 602 with respect to the optical axis of light 
source 205, or by changing the vertical position of the light source 205 with respect 
to the optical center of lens element 602, such as shown in FIG 6C inset by vertical 

25 translation of the light source to a height position of y =Ay at T=T2- As depicted in 
FIG. 6C, the electronic actuator is represented by two separate motors 620 and 621 
that drive the laser source 205 and the lens element 602, respectively in the 7- 
direction to accommodate changes in incident angles at the entrance edge 604. There 
is a number of means by which the signal to drive flie actuator can be obtained by 

30 one skilled in the art, and the methods depicted in FIG. 6C and its inset are intended 
to be illustrative but not limiting. In particular, it is desirable to use li^t diffracted 
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locations where its path of internal reflection is tenninated by the presence of 
another surface, such as edge 690 of waveguide 405. 

Alternatively, a second hologram, as well be detailed further in reference to 
the description of FIG. 7 A, included specifically for flie purpose of generating a 
5 servo feedback signal, can be recorded so as to be located in tiie vicinity of the main 
hologram of HOE 410. In one embodiment, this second hologram can be co-located 
widi the main hologram by being co-locationally multiplexed. 

Referring to FIG. 6D additional embodiments of the device of the present 
invention are shown. Specifically, entrance edge 604 is designed so that the incident 
10 ray 630 refiracts as ray 630a towards bottom surface 612 of the waveguide 405. A 
portion of bottom surface 612 of waveguide 405 can be coated with a reflective 

lajferX^.^. metatco^ 

waveguide 405 fi-om smudges and other defects or contamination that may arise on 
bottom surface 612. These defects, if present, can add aberrations and regions of 
15 non-uniform beam intensity in the reflected beam 63 Oe, such as by suppressing total 
internal reflection at locations of the defects, thereby possibly compromising the 
quality of the image collected by sensor array 215. It is preferable that reflective 
layer 614 only extend as far as would be required to protect the area of the first 
reflection of the incident light at surface 612. The extent of reflective layer 614 the 
20 z-direction should not block rays such as ray 630d fi-om reaching sensor array 215. 

In another embodiment waveguide 405 includes light traps 655 at edge 690, 
see FIG. 6D. Light traps 655 are designed to absorb substantially all of the light 
incident upon edge 690 and allow a minimum of light to reflect at edge 690. 
Suppressing such reflections (for example ray 630e that is undiffracted by HOE 410) 
25 minimizes the amount of spurious light that may illuminate the skin topology under 
examination and/or the amount of spurious light that is incident upon sensor array 
215, which would otherwise reduce the SNR of the fingerprint system. 

In another embodiment, shown in FIG. 6E, entrance edge 604 opemtes with 
optical power to optimize illumination of the location of the hologram of HOE 410. 
30 In FIG. 6E, entrance edge 604 as shown includes optical element 660. In this 
embodiment, lens element 602 (see FIGs. 6A-6D) can be eliminated. By way of 
example, optical power of entrance edge 604 can be designed to provide optimal 
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locations of dedicated areas of sensor array 215 are selected), by way of example, so 
as to be located at positions along the z-axis to independently detect the intensity of 
light difi&acted by holograms 702 and 704, respectively. Sensors 720 and 722 can 
be located to detect the intensity of light dif&acted by holograms 702 and 704 or 
5 instead to detect the intensity of the dif&acted light from said holograms after the 
dif&acted ligjit has reflected at top surface 726 of skin contact layer 807. Preferably, 
alfliough not a requirement, ai, anoE and aR are adjusted so that the intensities of 
light beam difi&acted by hologram 702 and 704 and detected by the respective 
dedicated sensors are substantially equal at the values of incident angles for the 

10 Bragg matching condition of the respective holograms (shown as equal height peak 
in FIG. 7B). As can be seen from FIG. 7B, < anoE < aR. As the result, as shown 
in FIG. 7e, when the angle for the Bragg matching conditi^^^ 
holograms 702 and 704 changes due to temperature changing from Ti to Ti, the 
dedicated sensors 720 and 722 will detect intensity of light beams diffracted from 

1 5 holograms 702 and 704 that are different from the respective intensities detected at 
temperature Ti for the same angle of incidence a. The difference in intensity can be 
used to compute flie control signals 393 or 396 or 398 or combinations thereof It 
should be understood that logic 330 is designed to receive signals from the dedicated 
areas for processing differences in intensities. 

20 An alternative embodiment comprises use of multiplexed holograms 

recorded in the photopolymer media of the HOE. The multiplexed holograms are 
recorded so that the Bragg selectivity's of fliese holograms are substantially 
overlapping. Use of multiplexed holograms that are recorded co*locationally can 
significantly reduce the sensitivity of the apparatus of this invention to temperature 

25 changes, or alignment changes, or wavelength changes, or combinations thereof 
The multiplexed holograms, by way of example, can be multiplexed by the method 
of planar-angle multiplexing in a manner such that the increment of the recording 
angle is less than the width of the Bragg selectivity of each multiplexed hologram. 
Altematively, these holograms can be multiplexed by varying the interbeam angle or 

30 the wavelength such that the gratmg period of each multiplexed hologram is slightly 
different so that the angular or wavelength selectivity characteristics of one such 
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camera microprocessor 335 in order to determine the correct operating wavelength 
to drive the wavelengfli controller 240. 

In other embodiments, rather than changing the wavelength, a light source 
that has a broader wavelength spectrum can be used to reduce the sensitivity of the 
5 Bragg angle of the HOE to temperature change. Such light sources may include, for 
example, an LED or superluminescent LED. In these embodiments the incident 
angle a is held constant. As long as changes of the Bragg wavelength, produced by 
temperature changes of the HOE, are within the spectral bandwidth of the light 
source there will be a sufificient intensity of diffi^cted light to produce good 
10 imaging. 

Other embodiments of the apparatus of this invention relate to physical 

7 ~ " constnictlonxtf - 
embodiment, entrance edge 604 of waveguide 405 forms an oblique angle to the top 
and bottom surfaces 610 and 612, said surfaces 610 and 612 being substantially 

15 parallel and planar surfaces. Use of an oblique angle for the entrance face of the 
waveguide advantageously reduces the thickness requirement for said slab 
waveguide. For example, with use of oblique angle for the entrance face, light beam 
630 can be refracted directly towards top surface of waveguide 610 rather than 
towards bottom surface of waveguide 612 as it does in FIG. 6D. Refracting incident 

20 light 630 directly towards top surface, thereby eliminating the total internal 

reflection condition that is otherwise required for bottom surface of waveguide 612, 
reduces the z-^imension of waveguide 405. Alternatively, waveguide 405 can 
comprise inner and outer surfaces that may be curved so that a large topological 
surface of the skin can be placed on the outer surface at one time and imaged, such 

25 as could be the case when imaging the topological features of the surface of a palm. 
Again, use of an oblique angle for the entrance facet of the waveguide 
advantageously reduces the thickness requirement for said waveguide. 

Other embodiments of the apparatus and method of this invention relate to 
the hologram recorded in the photopolymerizable media of the HOE. Referring to 

30 FIG. 8 A, the apparatus of this invention preferably comprises HOE 410 that diffracts 
light (beam 826) in a direction that is not perpendicular to skin contact layer 807 so 
that the light reflected at the interface of skin contact layer 807 with air will not be 
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attached to skin contact layer 807, or it can be part of the cover plate, or it can be 
placed onto the cover plate before the fingerprint is captured. The pliable coating 
can be used to enhance image quality and reduce the dependence of SNR in the 
acquired fingerprint image on finger moisture or the wetting characteristic of the 
5 finger surfiice to skin contact layer 807 by improving the degree of optical contact 
between flie sur&ce topology of the skin of the finger and the skin contact layer. 

In anotiier embodiment skin contact layer 807 is formed firom a material that 
has a refiactive index that optimizes SNR of the captured image, such as fused 
silica, whereby &e refiactive index of the contact surface is similar to that of the 
10 surface of the finger or other skin sur&ce. 

Referring to FIG. 8D, the devices of the present invention can also include 
— ~™ : additionri-o pticg^co mponents^Incme'ernbodirnent, ti^^ 

wave plate 838, preferably waveplate, in combination with linear polarizer 840 to 
reduce detection of noise that can arise undesirably firom sources such as diffuse and 
1 5 specular reflection. In this manner the contrast of the fingerprint image can be 

improved. In one configuration, wave plate 838 can be sandwiched between HOE 
410 and skin contact layer 807 or 807A (see FIG. 8C), and the linear polarizer 840 is 
located between waveguide 405 and above sensor array 215. When linearly 
polarized light is diffiacted firom HOE 410 in a direction of Va wave plate 838, the 
20 polarization is transformed upon propagating through Va wave plate 838 to circularly 
polarized light. Upon reflection firom either the top surface 726 of skin contact layer 
807 or 807A or firom ridge structure of the finger, the circularly polarized light is 
transformed by Va wave plate 838 back into linearly polarized light that has an 
electric field direction that is orthogonal to the original direction of the light entering 
25 HOE 410. When light, diffracted by HOE 410, interacts with the ridge structure of 
the finger surface that is in contact with the top surface 726 of skin contact layer 807 
or 807 A, both diffuse and specular reflections occur, with the former being stronger 
in some embodiments. When the diffracted light interacts with the top surface 726 
of skin contact layer 807 or 807A at locations that correspond to a portion of skin 
30 surface that does not touch top surface 726 at these locations, only specular reflected 
light occurs. Detection of the noise contributions from the reflected light can 
substantially increase the level of grey-scale detected for portions of the captured 
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emitdng diodes (LEDs) and/or semiconductor laser diodes. For reduced opto- 
mechanical alignment tolerances and simpler diffiactive grating designs for HOE 
410, it is desirable to collimate the radiation emitted from the light source. Lens 
element 602 is shown in FIG. 8 A. Althoug;h a single transmissive lens is depicted, 
5 in general lens element 602 is composed of any combination of one or more 

transmissive and/or reflective optical elements such that the net optical effect is a 
substantial coUimation of radiation emitted by light source 205. The collimated light 
emerging from lens element 602 is incident upon entrance edge 604 of waveguide 
405. The angle 9sb of the entrance edge 604 is specified so that optical axis 804 of 
10 the incident light beam propagating at an angle 9i (relative to the z-axis) is refracted 
at entrance edge 604 so that beam 822 propagates at an angle 9sb with respect to the 
-""^ ~nonnai:ta the interface b^^ 

sufficientiy large footprint of light illuminates HOE 410 and therefore illuminates 
finger 105 or other topological surface of the skin. 
15 Referring to FIG. 8 A, thickness Tis defined as the distance that separates the 

top 726 of skin contact layer 807 to surface 814 of sensor array 215. For 
compactness of the device and in order to reduce flie thickness T, which plays a role 
in defining the spatial resolution of tiie fingerprint sensor, it is desirable tiiat the 
angle Gsb be large, for example greater than about 70* but it is preferable that 6sb be 
20 less than about 80** for otherwise the device will exhibit large sensitivity to thermal 
changes. By way of example, for Gsb = 79** and a substrate block of thickness 
TsB = 3.3 mm approximately 17 mm [3.3-tan(79**)] length of the skin topology can 
be imaged in the ^-direction. For tiie case of Gsb = 79**, then witii Gi = 17.5**, and the 
substrate block composed of a material of index 1 .53, <psB = 90.9''. Note that by 
25 having light source platform 662 tilted below the horizon, the opto-electro- 

mechanical components of the fingerprint sensor are allowed to lie below skin 
contact layer 807, thereby allowing for the housing 818 to be flush with said cover 
slide top. 

Continuing to refer to FIG. 8 A, the light, incident upon waveguide 405/HOE 
30 410 interface, is refracted into HOE 410. In one embodiment, holographic grating 
of HOE 410 is a volume grating. One skilled in the art can design and engineer a 
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In one embodiment, theie are several films, 810, 81 1 and 812, disposed 
between waveguide 405 and detector cover 813. These films may be arranged in 
many different manners, but their purpose serves to suppress reflections of light, in 
addition to filtering out unwanted noise. In one embodiment, film 810 is a linear 
5 polarizer film. Polarizer 810 preferentially has a polarization orientation 

substantially parallel to flie polarization of the incident light ray 822. As such, 
polarizing film 810 suppresses portions of difl&acted beam 826 that are scattered by 
finger 105 (and hence depolarized) fi:om reaching sensor array 215. Film 81 1 is a 
wavelength filter. Wavelength filter 81 1 is preferentially tuned so that it 
10 substantially transmits wavelengths of light emitted by light source 205, and blocks 
all other wavelengths, and as such rejects ambient ligjit originating outside of the 
housif^g^l^frthat^would^o ttie^ 

way of example, can be a dichroic film coating or a material that absorbs the desired 
spectral distribution of the ambient light, such as can be the case for a dyed plastic. 
15 Note that the wavelength filtering properties of fihn 811 can be incorporated into the 
buDc material or as a coating on either waveguide 405, skin contact layer 807, and/or 
detector cover 813, thereby eliminating tfie need for wavelength filter 811. Fihn 812 
is an index-matching material where the index of refraction of said material 
preferentially matches within about 0.15 to the index of refraction of fihn 811 and 
20 detector cover 813. As a result, the intensity of reflected light at the interfaces of 
film 812 is not greater than about 0.25% of the intensity of the incident light at the 
boimdaries of film 812. Altematively, if index-matching material is not desired, it is 
preferred that the space shown occupied by film 812 be replaced by a small air gap 
(for example, approximately 0.1 to 0.2 mm) and that the film 81 1 and detector cover 
25 813 each have an anti-reflection (AR) coating on their two opposing surfaces. 

The light transmitted by detector cover 813 is incident upon sensor array 
215. In one embodiment, sensor array 215 comprises a plurality of detector 
elements fliat enable a 2-D image of the fingerprint to be captured. Sensor array 215 
can be a 2-D or 1-D charge coupled device (CCD), but is preferentially a detector 
30 requiring lower electrical power such as a 2-D or 1-D CMOS device. For the 

reduction of stray light, which for a coherent light source can lead to the creation of 
interference fringes that may be mistakenly constmed for features on the skin being 
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skin contact layer 807 and the skin, but is minimized for flie inter&ce between skin 
contact layer 807 and air. 

FIG. 8B depicts a top-down view of the embodiment of the device shown in 
FIG. 8 A. In one embodiment, tiie width of the beam in the x-direction illmninating 
5 waveguide 405 and hence the illuminated width of finger 1 OS is dictated by the 

width of the beam that enters lens element 602. For the embodiment of light source 
205 containing at least one semiconductor laser, the divergence of a semiconductor 
laser diode is anamorphic. With such an anamorphic beam, the angle of rays 823 
(see FIG. 8 A) and 824, emerging from light source 205 and representing the 50% 
10 drop in intensity level of the beam, will make angles of 65 and 0f, respectively, with 
respect to optical axis 804. For typical laser diodes, the ratio of these two angles is 
approximately:3rl, which means the beam is^substantialiy el^^ - 
perpendicular to optical axis 804. 

By way of example, consider the specification that the fingerprint device 
15 must be capable of examining a 17 x 17 mm area of skin. As illustrated earlier, a 
thickness Tsb of 3.3 mm can accommodate the 17 mm skin size in the z-direction. 

To accommodate the 17 mm in the ;c-direction, the waveguide must be at least 

t 

17 mm wide in this direction (as does the beam width of light in the jc-direction from 
light source 205 that illuminates entrance edge 604). Therefore entrance edge 604 is 

20 substantially rectangular having dimensions in x and >; of 1 7 mm and 3.3 mm, 

respectively. For maximum light efficiency, it is preferable that the fast axis of the 
laser (e.g., the axis of the laser that diverges the fastest), with full width at half 
maximum (FWHM) of 29f, be in the direction of the 17mm width of waveguide 405 
(corresponding to the jc-axis). Likewise, the slow-axis (axis of the laser that diverges 

25 flie slowest) having FWHM of 26s, will correspond to the direction of the 3 mm 
thickness of waveguide 405. 

In addition to the mechanical matching of beam widAs and footprints for the 
area to be imaged of the topological surface of the skin, use of a diffraction optical 
element 410, that operates to diffract light so as to illuminate said surface of die 

30 skin, is generally polarization dependent Consequendy, use of correct polarization 
is preferred to achieve good SNR of the system. For a single transverse mode laser 
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Patent Application US 2003/0007201, the teachings of which are herein 
incorporated by reference in their entirety. Briefly, the dif&action efficiency of a 
hologram is a periodic function of the value of the grating strength of the hologram, 
which is dependent upon a material property, namely the value of its refractive index 
5 modulation. For photopolymer recording mat^als, the refractive index modulation, 
in turn, depends primarily on the degree of chemical segregation achieved in the 
recording material of the polymerizable component and the binder and the relative 
refractive index difiference between the polymerizable component and the binder in 
the recording material, but it also may depend on thickness of the recording material, 

10 angles of incidence of the beams used to record the hologram and thereby the 

grating period, as well as the wavelength of the light used to record the hologram. 

— ^ -~ FoF^a^^^^^refractive^^^ 

grating strength is dependent upon similar parameters such as grating period, 
thickness, and wavelength. A hologram is optimized for a particular polarization 

15 when it is recorded using such combination of the above parameters that the 
resulting value of refractive index modulation corresponds to a peak of the 
diffraction efficiency. Ordinarily, the peaks of diffraction efficiencies of the 
holograms optimized for s- and p-polarized light do not occur at the same values of 
the refraction index modulation or grating strength (i.e. same values of the above- 

20 mentioned parameters). However, using the periodicity of the diffraction efficiency 
as a function of the value of the refractive index modulation or grating strength, it is 
possible to record a hologram that is optimized for both s- and p-polarized light 
Since any light wave can be described as superposition of s- and p-polarized waves, 
a hologram that is simultaneously optimized for s- and p-polarized light is said to be 

25 polarization independent. i 

In the preferred embodiment of the device of the present invention, beam 
blocks 816 and 817 are integrated into the design. Beam block 816 is designed such 
that light from light source 205 does not enter sensor array 215 or any of the film 
layers, 810 through 812. Beam block 817 is designed so that light from light source 

30 205 does not impinge onto finger 105, HOE 410, or skin contact layer 807. Both 
beam blocks 816 and 817 are positioned as close to entrance edge 604 as possible in 
order to minimize adverse diffraction effects due to the clipping of the light beam. 
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.The grating geometry of FIG. 9 has the advantage that beam e?q>ansion in 
the xz plane is accomplished. The achieved beam expansion of the incident beam of 
diameter A is given by 

_ cosg,t 
Df " cos^; ' 

5 where G-i is the angle of the diHracted -1^ order reflected beam 901 measured 
relative to the grating surface normal 902 and 9,- is the angle of incidence of the 
incident beam 903 relative to grating surface normal 902. 

As an example of such a reflective anamorphic beam expanding grating, 
consider a 1600 Ip/mm reflection grating. Consider further that light source 2Q5 is a 

10 semiconductor diode laser of 655 rnn wavelength radiation and that beam 903 is 

" inbidem updnsaid 1600 

difi&acted negative first order propagates at G-i = 2.97 and the expansion ratio Dj/Di 
achieved is 1 1 .5. Note that one skilled in the art can design and engineer other 
gratings (for example, surface-relief or volume), including gratings wherein the 

15 incident beam 903 transmits through a substrate such that it illuminates the grating 
from inside of the substrate material (for example a glass) which then transmits the 
required diffraction order for achieving the level of anamorphic beam expansion 
required. Whether a transmission or a reflection grating is designed to perform the 
required anamorphic beam expansion in the xz plane, it is preferable that the grating 

20 have a sufficiently high frequency such that a minimum number of diffraction orders 
propagate other than die order of interest. In this manner, one can make the distance 
between the grating 904 and the waveguide 405 as short as possible such that only a 
single diffraction order enters into the substrate block. 

In the embodiment shown in FIG. 9, the diffracted beam 901 tmvels 

25 substantially parallel to the z-axis. The geometry of ttie fingerprint sensor illustrated 
in FIGs. 8A and 8B indicates the preference for a HOE 410 that has grating fringes 
that are primarily tilted in the y-z plane, but are approximately uniform along the 
direction. As such, HOE 410 has Bragg-matching conditions that require fiiactions 
of a degree of control of the light propagation angle in ihey-z plane, but less 

30 stringent (>5 degrees) requirements for the angle of light propagation in the x-z 
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In 2003, 6.5 years later, said Polaroid photographic image was digitized by 
scanning at 600 dpi, and used as a training template for an example of the fingeiprint 
correlation software of this invention. A new image of the same finger was acquired 
in 2003 using a fingerprint imager of this invention comprising the optical design of 
5 FIG, 4. The captured fingerprint was compared to the scanned image of the 6.5- 
year-old photograph of the original fingerprint A positive identification, using 
locations of pores, the fine detail of fee ridge contour at the boundaries of ridges and 
valleys, and minutiae was readily achieved, even though the said original and new 
unages represent a finger area only 1/8" by 1/8'*, scale and rotation were different, 
10 flie photograph had distortions due to being obtained from an image of the original 
fingerprint as displayed on a curved surface of a video monitor, and contrast and 



45 pores and 5 minutia points were captured firom the original scan of the 1996 
image, of which 22 pores and 5 minutia were present, detected and matched in the 
15 captured fingerprint imaged in 2003. The successful correlation results show that 
including pores in the fingerprint as well as the fine details of the ridge contour, by 
use of an apparatus that is capable of acquiring fingerprint images at high resolution, 
greatly increases the number of features that can be used for image correlation and 
significantly enhances the reliability of fingerprint comparison. Beneficial effects of 
20 the enhancements provided by the apparatus and method of this invention provide 
for reducing the occurrence of false acceptance, improving (through use of multiple 
templates) false reject rates, and significantly reducing the fingerprint sample area 
required for positive unique and deterministic authentication and identification. 
FIG. 10 shows the Bragg detuning characteristics for 8 co-locationally 
25 multiplexed slant fringe plane-wave holograms recorded in 50 micron thick USLH- 
500-7A Aprilis holographic recording medium. Recording was carried out in the 
conventional manner using angle multiplexing where the increment of the recording 
angles for each of the co-locationally multiplexed holograms corresponds to twice 
the value for the full angle width at half height of the respective Bragg detuning 
30 curves. Each hologram was recorded with equal beam intensities of 4 mW in the 
Reference and Signal beam paths using spatially filtered and collimated light with a 
fnced value for the interbeam angle of 48.6°, and the sample was rotated about the 
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CLAIMS 

An apparatus for fingerprint image acquisition comprising: 

a waveguide, having an entrance edge and top and bottom surfaces; 

a light source, configured to direct a light beam toward the entrance 
edge of the waveguide; 

a skin contact layer, disposed at or near the top surface of the 
waveguide or bottom surface of the waveguide; 

a holographic optical element (HOE), disposed at the top or at the 
bottom surfaces of tiie waveguide, configured to dif&act the lig^t beam 
incident from the light source to the skin contact layer; 

a sensor array, configured to detect light reflected fi:om the interface 
between skin and ffie skih^coi^^ 
wherein the HOE includes 
a layer comprising a grating; and 

at least one supporting layer in contact with the said grating layer, wherein 
the grating layer and the at least one supporting layer have substantially 
similar coefficients of thermal expansion or tiiermo-optic coefficients or 
both. 

An apparatus for image acquisition of topological features of the surface of 
skin comprising: 

a waveguide, having an entrance edge and top and bottom surfaces; 

a light source, configured to direct a light beam at the entrance edge 
of the waveguide; 

a skin contact layer, disposed at or near flie top surface or the bottom 
surface of the waveguide; 

a holographic optical element (HOE), disposed at the top or at the 
bottom surfaces of the waveguide, configured to dif&act the light beam 
incident from the light source to the skin contact layer; 

a sensor array, configured to detect light reflected from the interface 
between skin and the skin contact layer; and 
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wherein the means for compensating includes means for mounting 
one or more of the light source, the lens element or the waveguide, and 

wherein the means for mounting is thermally expandable and is 
configured to adjust the angle of incidence of the light beam onto the 
waveguide or the HOE. 

The apparatus of Claim 9 wherein the means for mounting one or more of 
the light source, the lens element or &e waveguide comprises a rod or bar. 

The apparatus of Claim 2 wherein the means for compensating includes one 
or more actuators, configured to adjust the angle of incidence of the lig;ht 
beam onto the waveguide or the HOE. 

The apparatus of Claim 1 1 wherein further including an optional lens 
element. 

The apparatus of Claim 12 wherein the actuator adjusts the position of one or 
more of the light source, the lens element or the waveguide. 

The apparatus of Claim 12 wherein the position of one or more of the light 
soiurce, the lens element or tiie waveguide is manually controlled by 
measuring intensity of tiie light difS&acted by flie HOE and detected by one or 
more of a plurality of pixels of the sensor array. 

The apparatus of Claim 13 wherein the actuator is electronically controlled. 

The apparatus of Claim 15 wherein intensity of the light reaching one or 
more of a plurality of pixels of the sensor array is measured to provide a 
signal that is used to control the actuator. 
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wherein the HOE includes at least two co-locationally multiplexed 
holograms. 

22. The apparatus of Claim 21 herein the multiplexed holograms are 
S configured so that the Bragg matching condition of flie multiplexed 

holograms is substantially overlapping. 

23. The apparatus of Claim 21 wherein the multiplexed holograms are planar- 
angle multiplexed and wherein the increment of Ifae recording angle for 

10 multiplexing is less flian the width of the angle Bmgg matching condition of 

each earlier-recorded multiplexed hologram. 

247 The appaiSus 2rwHSein ffiegrating^]^ 

hologram are not equal. 
15 . 

25. An apparatus for image acquisition of topological features of the surface of 
skin comprising: 

a waveguide, having an entrance edge and top and bottom surfaces; 
a light source, configured to direct a light beam at the entrance edge 
20 of the waveguide; 

a skin contact layer, disposed at the top or bottom surface of the 
waveguide; 

a holographic optical element (HOE), disposed at the top or at the 
bottom surfaces of the waveguide, configured to dif&act the light beam 
25 incident from the light source at the skin contact layer; 

a sensor array, configured to detect light reflected firom the interface 
between skin and the skin contact layer; and 

means for changing the wavelength of the light source. 



30 26. 



The apparatus of Claim 34 wherein the means for changing the wavelength 
of the light source is a laser diode configured to change the operating 
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wherein the light source is a broad wavelength spectrum light source, 
the wavelengths of which can reconstruct the HOE. 

33. The apparatus of Claim 32 further including a lens element, configured to 
5 direct the lig^t beam from the light source at the entrance edge of the 

waveguide. 

34. The apparatus of Claim 32 wherein the HOE is configured to difl&act the 
light beam in a direction that differs from' the peipendicular to the skin 

1 0 contact layer by an angle 

35. The apparatus of Claim 34 wherein the HOE has a diffraction efficiency of 
a:rl)Bai5t about 50%: ^ ^ " 



15 36. The apparatus of Claim 34 wherein the HOE has a difi&action efSciency of at 
least about 75%. 

37. The apparatus of Claim 34 wherein the HOE has a diffraction efficiency of at 
least about 90%. 

20 

38. The apparatus of Claim 32 wherein the HOE includes at least two 
multiplexed holograms. 

39. The apparatus of Claim 32 wherein the HOE is optimized for s-polaiized 
25 incident beam. 

40. The apparatus of Claim 32 wherein flie HOE is optimized for p-polarized 
incident beam. 

30 41 . The apparatus of Claim 32 wherein the HOE is polarization independent 
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The apparatus of Claim 32 wherein the skin contact layer has a refractive 
index that is between about 1.30 and about l.SO. 

The apparatus of Claim 32 wherein the skin contact layer comprises a 
portion having optical power configured to direct the light reflected from the 
inter&ce between skin and the skin contact layer to the s^isor array. 

The apparatus of Claim S3 wherein fte portion having optical power is 
curved. 

The apparatus of Qaim S3 wherein the portion having optical power is a 
plano-convex lens. * - . < 

The apparatus of Qaim 32 further including an additional lens element 
attached to the skin contact layer configured to direct the light reflected from 
the interface between skin and the skin contact layer to the sensor array. 

The apparatus of Claim 32 wherein the skin contact layer comprises layer of 
a polymer having a glass transition temperature less than ambient use 
temperature of the device. 

The apparatus of Claim 32 wherein the sldn contact layer is coated with a 
layer of polymer having a glass transition temperature less than ambient use 
temperature of the device. 

The apparatus of Claim 32 wherein the skin contact layer comprises a glass 
material having refractive index between about 1.45 and 1.50. 

The apparatus of Claim 32 wherein the skin contact layer comprises a top 
surface having surface energy of less than about 30 mJ/m^. 
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The apparatus of Claim 69 wherein the dielectric layer includes derivatives 
of silicone or siloxane. 

The apparatus of Claim 32 wherein the sensor array has a resolution of at 
least 11 00 pixels per inch in the acquired image. 

The apparatus of Claim 32 wherein tiie sensor array is a CCD or CMOS 
imagers. 

A method of acquiring an image of the topology of the surface of skin, 
comprising: 

receiving a surface of skin by a device for image acquisition of the 
topological features of the surface of skin wherein said device includes a 
holographic optical element (HOE) having a Bragg matching condition; 

directing a light beam at the HOE, thereby diffracting the light beam; 

directing the diffracted light beam at tiie interface between skin and 
the skin contact layer, thereby reflecting the light beam; 

compensating for temperature-induced changes in the Bragg 
matching condition of the HOE; and 

detecting the reflected light, thereby acquiring the image of the 
topological features of the surface of skin by said device. 

The method of Claim 73 wherein compensating for temperature-induced 
changes in the Bragg matching condition of the HOE includes controlling ttie 
temperature of the HOE. 

The method of Claim 73 wherein the HOE includes a diffraction grating 
having at least one dimension that is greater than the cross-section of the 
light beam, and 

wherein the light beam is directed at the HOE at an angle that is less 
than about 90*^ with respect to the plane of the HOE, said HOE diffracting 
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mounting means to be themially expandable and configuring the selected 
means to adjusts the angle of incidence of the light beam onto the HOE. 

80. The method of Claim 79 wherein the means for momiting the light source is 
S a themially e^qmndable rod or bar. 

8 1 . The method of Claim 79 wherein the image acquisition device further 
includes a controllable actuator, configured to adjust an angle of incidence of 
the light beam onto the HOE. 

10 

82. The method of Claim 76 wherein the position of one or more of the li^t 
source^ tihe l^ 

measiinn mtensiity"br£&FfigfiFaiffi^ 
one or more of a plurality of pixels of flie sensor array. 

The method of Claim 76 wherein the device further includes at least one 
additional sensor, and 

further wherein the position of one or more of the light source, the 
lens element or the waveguide is manually controlled by measuring the 
intensity of the light diffracted by the HOE and detected by the at least one 
additional sensor. 



15 



83. 



20 



84. The method of Claim 81 wherein compensating for the temperature-induced 
changes in the Bragg matching condition of the HOE includes controlling the 

25 actuator by an electrical signal. 

85. The method of Claim 84 wherein the device further includes at least one 
additional sensor, and 

wherein controlling the actuator includes measuring intensity of the 
30 light reaching the sensor array or at least additional sensor, thereby providing 

the electrical signal. 
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The method of Claim 78 wherein the light source is a laser diode, and 

wherein compensating for temperature-induced changes in the Bragg 
matching condition of the HOE includes configuring the laser diode to 
change the operating wavelength in response to temperature. 

The method of Claim 76 wherein compensating for temperature-induced 
changes in the Bragg matching condition of the HOE includes configuring 
the light source to produce a broad wavelength spectrum light 

The method of Claim 76 further including selecting the HOE that difGracts 
the light beam in a direction that differs from the peipendicular to the skin 
contact layer by an angle that exceeds the angular width of the Bragg angle 
selectivity of the main hologram. 

The method of Claim 76 further including selecting the HOE that includes at 
least two multiplexed holograms. 

The method of Claim 94 further including selecting the HOE so that each of 
the multiplexed holograms has a diffraction efficiency of at least about 50%. 

The method of Claim 94 further including selecting the HOE so that each of 
the multiplexed holograms has a diffraction efBciency of at least about 75%. 

The method of Claim 94 further including selecting the HOE so that each of 
the multiplexed holograms has a diffraction efficiency of at least about 90%. 

Tlie method of Claim 73 further including selecting the HOE that is 
optimized for s-polaiized light. 

The method of Claim 73 further including selecting the HOE that is 
optimized for p-polarized light. 
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light reflected from the interface between skin and the contact layer at the 
sensor array. 

110. The method of Claim 76 wherein the skin contact layer comprises layer of a 
5 polymer having a glass transition temperature less than ambient use 

temperature of flie device. 

111. The method of Claim 76 wherein flie skin contact layer is coated with a 
layer of polymer having a glass transition temperature less than ambient use 

1 0 temperature of the device. 

112. The method of Claim 76 wherein the skin contact layer comprises a glass 
-material havingTeM^ ~ 

15. 1 13. The method of Claim.76 wherein the skin contact layer comprises a top. 
surface having surface energy of less than about 30 mJ/m^. 

1 14. The method of Claim 76 further including at least one of a Va wave plate 
and a linear polarizer disposed between the skin contact layer and the sensor 

20 array. 

115. The method of Claim 114 wherein flie Va wave plate is disposed between 
the HOE and the skin contact layer and the linear polarizer is disposed 
between the waveguide and the sensor array. 



25 



1 16. The method of Claim 76 wherein the light source wavelength that is in a 
range from about 400 nm to about 1000 nm. 



117. 

30 



The method of Claim 116 wherein the light source wavelength is in a range 
from about 400 nm to about 535 nm. 
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